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This document, the Remedial Investigation and Feasibility Study Report for 
Operable Unit (OU) 3, Naval Training Center (NTC) in Orlando, Florida, has been 
prepared under the direction of a registered professional engineer and a 
registered professional geologist in the State of Florida. The work, engineering 
evaluations, and professional opinions rendered in this report were conducted or 
developed in accordance with commonly accepted procedures consistent with 
applicable standards of practice. The document is based on the geologic 
investigations and associated information detailed in the text and appended to 

P: this report or referenced in public literature. Conclusions are based upon 
interpretations of the applicable regulatory requirements, guidelines, and 
relevant issues discussed with regulatory personnel during the investigation. 
If conditions that differ from those described are determined to exist., the 
undersigned should be notified to evaluate the effects of any additional 
information on this assessment or the conclusions of this report. This document 
is not intended to be used for construction of the selected remedial alterna- 
tives. This report was developed for OU 3, 'located on the Main Base of NTC, 
Orlando, Florida, and should not be construed to apply to any other site. 

HARDING LAWSON ASSOCIATES 
2590 Executive Center Circle East 
Tallahassee, Florida 32301 

Manuel Alonso, P.G. ' ;* "d . . . . 
Professional Geologist ?10.: ?)&jCtl25~~,~ .' 
Expires: 7/31/00 i .-, z 

-/ -. ; .; ;_ ,'*-. . ~. " 

Date: 



FOREWORD 

To meet its mission objectives, the U.S. Navy performs a variety of operations, 
some requiring the use, handling, storage, and/or disposal of hazardous 
materials. Through accidental spills or leaks, or as a result of conventional 
methods of past disposal, hazardous materials may have entered the environment 
in ways unacceptable by current standards. With growing knowledge of the long- 
term effects of hazardous materials on the environment, the Department of IDefense 
(DOD) initiatedvarious programs tqinvestigate and remediate conditions related 
to suspected past releases of hazardous materials at their facilities. 

One of these programs is the Base Realignment and Closure (BRAC) Cleanup Plan 
(BCP). This program complies with the Base Closure and Realignment Act 'of 1988 
(Public Law 100-526, 102 Statute 2623) and the Defense Base Closure and 
Realignment Act of 1990 (Public LawlOl-510, 104 Statute 1808), which require the 
DOD to observe pertinent environmental legal provisions of the Comprehensive 
Environmental Response, Compensation, andLiability Act (CERCLA), Executive Order 
12580, and the statutory provisions of the Defense Environmental Restoration 
Program, the National Environmental Policy Act (NEPA), and any other app:Licable 
statutes that protect natural and cultural resources. 

CERCLA requirements, in conjunction with corrective action requirements under 
Subtitle C of the Resource Conservation and Recovery Act (RCRA), govern most 
environmental restoration activities. Requirements under Subtitles C, I, and D 
of RCRA, as well as the Toxic Substances Control Act, the Clean Water Act, the 
Clean Air Act, the Safe Drinking Water Act, and other statutes, govern most 
environmental mission-related, operational-related, and closure-related 
compliance activities. These compliance laws may also be applicable or relevant 
and appropriate requirements for selecting and implementing remedial actions 
under CERCLA. NEPA requirements govern the Environmental Impact Analysis and 
Environmental Impact Statement preparation for the disposal and reuse of BRAC 
installations. 

The BCP process centers on a single goal: expediting and improving environmental 
response actions to facilitate the disposal and reuse of a BRAC installation, 
while protecting human health and the environment. 

NTC-RIFS.OU3 
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The Southern Division, Naval Facilities Engineering Command (SOUTHNAVFACENGCOM), 
the U.S. Environmental Protection Agency, and the Florida Department of .- 
Environmental Protection collectively doordinate the cleanup activities through 
the Orlando Partnering Team. This team approach is intended to foster 
partnering, accelerate the environmental cleanup process, and expedite timely, 
cost-effective, and environmentally responsible disposal and reuse decisions. 

Questions regarding the BCP process at Naval Training Center (NTC), Orlando 
should be addressed to the SOUTHNAVFACENGCOM BEAC Environmental Coordinator for 
NTC, Orlando, Florida, Mr. Wayne Hansel at (407) 895-6714 or the Southern 
Division Engineer-in-Charge, Ms. Barbara Nwokike at (843) 820-5566. 
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EXECUTIVE SUMMARY 

Harding Lawson Associates (HLA), under contract to Southern Division,, Naval 
Facilities Engineering Command, has prepared this Remedial Investigation and 
Feasibility Study (RI/FS) report for Operable Unit (OU) 3, which consists of 
Study Area (SA) 8 (Greenskeeper's Storage Area) and SA 9 (Former Pesticide 
Handling and Storage Area) at the Naval Training Center in Orlando, Florida. The 
RI/FS is being conducted under Contract Number N62467-89-D-0317-136. 01J 3 was 
previously investigated during the Initial Assessment Study (IAS) (C.C. Johnson, 
1985), Verification Study (Geraghty &Miller, 1986), and the Base Realignment and 
Closure (BRAC) Environmental Baseline Survey (EBS) (ABB Environmental Services, 
Inc. [ABB-ES], 1994). 

The first phase of the Installation Restoration (IR) program at SA 8 was tlhe EBS, 
which was conducted in 1994 (ABB-ES, 1994). This program included a record 
search and site walkovers. Based on the findings of the EBS, further investiga- 
tion under the site screening program was recommended. HLA (formerly ABB-ES) 
conducted a site screening investigation at SA 8 in August 1994 (ABB-ES, 1995b). 

Soil and groundwater were evaluated at SA 8 during the 1994 site screening 
investigation. During site screening at the SA, eight surface soil samples were 
collected and four monitoring wells were installed and sampled. Subsurface soil 
samples were also collected during the monitoring well installation. Arsenic 
concentrations greater than established background screening concentrations and 
benzo(a)pyrene concentrations exceeding Florida's residentialsoilcleanup goals 
(SCGs) were detected in surface soil samples. Arsenic concentrations exceeding 
the Federal maximum contaminant level (MCL) and Florida groundwater guidance 
concentrations (FGGCs) were also detected in groundwater. Based on these 
findings, the Site Screening Report recommended that an RI be conducted at SA 8. 

The first phase of the IR program at SA 9 was the IAS conducted in 1985 (C.C. 
Johnson, 1985). This phase included an archival search and site walkovers. This 
study indicated that pesticides and herbicides may have been spilled or disposed 
of in the vicinity of the former storage buildings and that a gravel drywell sump 
may be located at the SA. Based on the findings of the IAS, a verification study 
was conducted in 1986 (Geraghty &Miller, 1986). During the Verification Study, 
three shallow monitoring wells were installed to assess the affects of activities 
at SA 9 on groundwater quality. Ethylbenzene, phenol, 2-chlorophenol, 2,4- 
dichlorophenol and chlordane were detected in samples from these wells. Based 
on the groundwater data, a recommendation was made in the Verification Study 
(Geraghty & Miller, 1986) for the installation of a fourth monitoring well 
hydraulically downgradient (north) of the site, between the site and Lake 
Baldwin. 

ABB-ES (presently HLA) conducted a site screening investigation at SA 9 in August 
1994 (ABB-ES, 1995b). To evaluate Soil at the SA, four surface soil samples were 
collected. Because the former storage buildings had been demolished, areas with 
suspected contamination were identified by reviewing aerial photographs and by 
using geophysical survey techniques. To further evaluate groundwater quality, 
one monitoring well (OLD-09-01) was installed between the SA and Lake Baldwin as 
recommended in the Verification Study (Geraghty & Miller, 1986). A subsurface 
soil sample was collected just above the water table during the monitoring well 
installation (ABB-ES, 1995b). Analytical results indicated that arsenic, lead, 
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and semivolatiles were detected at concentrations greater than Federal MCLs 
and/or FGGCs in groundwater samples. Polynuclear aromatic hydrocarbons (PAHs) K-Y 
and pesticides were detected at concentrations greater than Florida residential 
SCGs in soil samples. Based on the analytical results, the Site Screening Report 
(ABB-ES, 1995b) concluded that further evaluation of surface soil and groundwater 
at SA 9 was required. 

Based on information gathered during these investigations, direct spillage or 
disposal of pesticides and herbicides on the ground surface at both SAs and via 
a sump at SA 9 were determined to be the most likely mechanisms for introducing 
contaminants to the environment. Contaminants included pesticide and herbicide 
compounds and likely included solvents or other carriers used in creating the 
application mixes. 

An interim remedial action (IRA) was completed to address areas of elevated soil 
contamination at SAs 8 and 9 in September 1997. The IRA was conducted to address 
arsenic contamination in soil at SA 8 and pesticide contamination in soil at SA 
9, and included excavation to a maximum depth of 2 feet below land surface (bls) 
at SA 8 and up to 5 feet bls at SA 9, with off-site disposal of contaminated 
soil. The gravel sump was excavated from SA 9 during the IRA. The IRA was 
conducted by Environmental Detachment.Charleston, a Naval Sea Systems Command 
organizationheadquartered at the former Charleston (South Carolina) Naval Base. 
Approximately 40 cubic yards (yd3) of soil were removed from SA 8, and approxi- 
mately 2,140 yd3 of soil were removed from SA 9 during the IRA. 

This RI/FS represents the fourth stage of study at OU 3. A workplan to conduct 
the remedial investigation and feasibility study was written and finalizedby HLA ‘. -" 
in October 1997. The workplan was developed in conjunction with and approved by 
the Orlando Partnering Team. 

The field investigation was designed to be as efficient as possible to effect a 
rapid data acquisition and evaluation process. To this end, investigators began 
with the understanding that it would not be possible to completely characterize 
the site even with a very large number of explorations and chemical analyses. 
The approach was to sufficiently characterize the site with a limited number of 
explorations and chemical analyses that would permit development and refinement 
of a conceptual model based on reasonable conclusions drawn from those data. 

The field investigation was conducted between October 1997 and February 1998. 

Study Area 8 Summary 

The field investigation at SA 8 included the following: installation and 
development of 10 microwells and 4 well points; collection of groundwater samples 
from 4 existing monitoring wells, 10 new microwells, and 4 new well points; 
collection of 55 surface soil samples; toxicity testing for two test species from 
2 well points and 1 microwell; hydraulic conductivity testing at 2 monitoring 
wells; a wetlands delineation survey; an ecological survey; and a locational 
survey (horizontal coordinates and elevation). 

Validated analytical results from SA 8 indicate that contaminants of concern in 
surface soil are primarily pesticides, herbicides, and related inorganics 
(including arsenic) and PAHs. In groundwater, the contaminants of concern are Y--x 

inorganics, primarily arsenic. 
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Contaminant migration from the SA to Lake Baldwin was evaluated in this RI. 
Shallow groundwater at SA 8 likely discharges to Lake Baldwin and the bordering 
wetlands. Contaminants could also enter Lake Baldwin via overland flow. Well 
points were installed along the edge of Lake Baldwin, and soil samples were 
collected in the wetland area to evaluate this migration pathway.. The 
concentration of arsenic in one well point (OLD-08-13 at 88pg/R) exceeded both 
the groundwater screening value (the primary drinking water standard and the 
Federal MCL of 50 micrograms per liter [pg/R]) and the Florida surface water 
standard of 50 pg/R. Contaminants were detected in soil samples collected in the 
wetland; however, the concentrations are up to 100 times less than the maximum 
(source area) concentrations of these contaminants. 

Contamination in soil and groundwater at SA 8 poses unacceptable cancer and 
noncancer risks to human receptors, including the potential resident, the 
recreational user, and the commercial worker. The contaminants contribu,ting to 
these risk estimates include the following: 

. arsenic, benzo(a)pyrene equivalents, beryllium, iron, (4-chloro- 
2-methylphenoxy)acetic acid (MCPA), andpotassium (2-methyl-4-chloro- 
phenoxy)propionate (MCPP) in surface soil, and 

. arsenic, dieldrin, iron, MCPA, and MCPP in groundwater. 

Risks to terrestrial plants, terrestrial invertebrates, wildlife, and aquatic 
receptors based on exposure to contaminants in surface soil and/or groundwater 
at OU 3 were evaluated in the ecological risk assessment (ERA). Potentia:L risks 
were identified for terrestrial wildlife exposed to surface soil and aquatic 
receptors and terrestrial plants exposed to groundwater. The contaminants 
contributing to these risk estimates include the following: 

. arsenic and cadmium in surface soil, and 
l arsenic and MCPA in groundwater. 

The contaminants contributing to human health risk estimates were compared to 
screening values. The following contaminants exceed their respective screening 
values at SA 8. Arsenic, PAHs (primarily benzo(a)pyrene), and MCPP exceed their 
screening values for soil (established background, Florida SCGs or soil cleanup 
target levels (SCTLs), or U.S. Environmental ProtectionAgency [USEPA] Region III 
risk-based concentrations [RBCs] for residential soil). Arsenic, MCPA, and MCPP 
exceed their screening values for groundwater (FGGCs, Florida groundwater cleanup 
target levels [GCTLs], or USEPA Region III RBCs for tap water). 

Study Area 9 Summary 

The field investigation activities at SA 9 included the following: installation 
and development of 11 microwells and 3 well points; collection of groundwater 
samples from 4 existing monitoring wells, 11 new microwells, and 3 new well 
points; collection of 33 surface soil samples; hydraulic conductivity testing at 
2 monitoring wells; a wetlands delineation survey; an ecological survey; and a 
locational survey (horizontal coordinates and elevation). 

The contaminants detected in surface soil at SA 9 were primarily pesticides, 
herbicides, and related inorganics (arsenic). Herbicides and inorganics, 
primarily arsenic, are the contaminants of concern in groundwater. 
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Contaminant migration from the SA to Lake Baldwin was evaluated in this RI. 
Shallow groundwater at SA 9 likely discharges to Lake Baldwin and the bordering ,-. 

wetlands, although, based on groundwater monitoring data, contaminants migrating 
with groundwater from the site have not yet reached Lake Baldwin. Contaminants 
could also enter Lake Baldwin via overland flow. Well points were installed 
along the edge of Lake Baldwin, and soil samples were collected in the wetland 
to help evaluate this migration pathway. None of the detected concentrations of 
contaminants in groundwater in the well points exceeded Florida surface water 
standards (FSWS). Additionally, although contaminants were detected in soil 
samples collected at the end of the drainage ditch in the wetland, the 
concentrations are generally significantly less than concentrations of these 
contaminants at the source areas and further upgradient in the swale. 

Contamination in soil and groundwater at SA 9 poses unacceptable cancer and 
noncancer risks to human receptors, including the potential resident, the 
recreational user, and the commercial worker. The contaminants contributing to 
these risk estimates include the following: 

. alpha- and gamma-chlordane, MCPA, MCPP, beryllium, and arsenic in 
surface soil, and 

. 2,4-dichlorophenol, alpha- and gamma-hexachlorobenzene (BJW , 
aldrin, dieldrin, heptachlor epoxide, MCPA, MCPP, and arsenic in 
groundwater. 

Risks to terrestrial plants, terrestrial invertebrates, wildlife, and aquatic 
receptors based on exposure to contaminants in surface soil and/or groundwater Y--=-t 
at OU 3 were evaluated in ERA. Potential risks were identified for terrestrial 
wildlife exposed to surface soil. The contaminants contributing to this risk -" ^ 
estimate include the following: 

. 4,4'-DDD in surface soil. 

The contaminants contributing to human health and ecological risk estimates were 
compared to screening values. The following contaminants exceed their respective 
screening values at SA 9. Arsenic, alpha-chlordane, gamma-chlordane, 4,4'-DDD, 
and MCPA exceed their screening values for soil (established background, Florida 
SCGs or SCTLs, or USEPA Region III RBCs for residential soil). Arsenic, 2,4- 
dichlorophenol, alpha-, and gamma-BHC, MCPA, and MCPP exceed their screening 
values for groundwater (FGGCs, Florida GCTLs, or USEPA Region III RBCs for tap 
water). 

An arsenic speciation study was conducted on soil and groundwater samples from 
OU 3; this study indicated that roughly 80 percent of the arsenic found at OU 3 
was present as the more mobile arsenite (also known as arsenic III) form. As 
arsenite is the more soluble species (relative to arsenate), it is available to 
leach or infiltrate to groundwater from soil. This is demonstrated by the 
distribution of arsenic in groundwater at OU 3. 

Based on the results of the RI, an FS was conducted. The FS evaluated potential 
remedial alternatives basedonengineering factors, implementability, environmen- 
tal and public health concerns, and costs. 

F--h 
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The purpose of the FS was to idenfi.fy retie&al action objectives (RAOs), identify 
remedial action alternatives that will achieve those objectives, and evaluate the 
alternatives to provide the basis for selection of a preferred remedial action 
alternative. Chapter 10.0 presents the identification and discussion of 
applicable or relevant and appropriate requirements (ARARs) to deve1o.p RAOs. 
Remedial technologies that address the RAOs are identified and screened in 
Chapter 11.0. Technologies that pass the screening phase are developed into 
remedial alternatives in Chapter 12.0. Remedial alternatives are then developed 
and analyzed in detail for comparison in the comparative analysis in Chapter 
13.0. 

The RAOs identified for OU 3 address contamination in surface soil and 
groundwater at SAs 8 and 9 and are meant to be protective of human health and 
ecological receptors under actual current and future use scenarios. The RAOs for 
OU 3 are as follows: 

Table ES-1 
Remedial Action Objectives for Operable Unit 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Study Area 

Study Area 8 

Remedial Action Objectives 

RAO 8-1 Prevent ingestion of shallow groundwater that exceeds site-specific health-based 
criteria for dieldrin, 2methyl4chlorophenoxyacetic (MCPA), 2-methyWchlorop- 
henoxypropionic acid (MCPP), arsenic, and iron. 

IWO 8-2 Prevent use of shallow groundwater that exceeds chemical-specific ARARs and to be 
considered (TBCs) for dieldrin, MCPA, MCPP, arsenic, and iron. 

RAO 8-3 Prevent direct contact, ingestion, or inhalation by humans of surface soil containing 
polynuclear aromatic hydrocarbon, MCPA, MCPP, and arsenic in excess of site- 
specific, health-based criteria. 

RAO 8-4 

Study Area 9 

Limit ingestion of surface soil containing arsenic and cadmium by small mammals. 

Iwo 9-1 Prevent ingestion of shallow groundwater that exceeds site-specific, health-based 
criteria for 2+dichlorophenol, alpha- and gamma-BHC, heptachlor epoxide, aldrin, 
dieldrin, MCPA, MCPP, and arsenic. 

RAO 9-2 Prevent use of shallow groundwater that exceeds chemical-specific ARARs and TBCs 
for 2&dichlorophenol, alpha- and gamma-BHC, heptachlor epoxide, aldrin, dieldrin, 
MCPA, MCPP, and arsenic. 

RAO 9-3 Prevent direct contact, ingestion, or inhalation by humans and terrestrial wildlife of 
surface soil containing alpha-chlordane, gamma-chlordane, 4,4’-DDD, MCPA, MCPP, 
and arsenic in excess pf health-based criteria, assuming residential exposure. lf 
recreational exposure is assumed, there is no risk to human health posed by the 
current conditions at the site. 

i 
Notes: RAO = remedial action objective. 

ARAR = applicable or relevant and appropriate requirement. L 

Technologies and response actions that passed the technology screening process 
and meet RAOs were developed into remedial alternatives. These alternatives are 
intended to achieve the treatment levels identified for OU 3. Alternatives 
addressing contaminated surface soil (S) at OU 3 are labeled "Alternative S-x." 
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Alternatives addressing contaminated groundwater (G) at OU 3 are labeled 
"Alternative G-x." F--h 

Five remedial alternatives were developed to address surface soil contamination 
at OU 3. 

. Alternative S-l: Limited Action 

. Alternative S-2: Soil Cover 

. Alternative S-3: Phytoremediation 

. Alternative S-4: Soil Washing 

. Alternative S-5: Excavation and Off-Site Disposal 

Table ES-2 presents a summary of the comparative analysis for the proposed 
surface soil remedial alternatives for OU 3. It can be seen from Table ES-2 that 
Alternative S-2 (Soil Cover) has the least cost ($460,000 for residential use) 
while Alternative S-4 (Soil Washing) has the greatest cost ($1,483,000 for 
residential use). The cost for Alternative S-5 (Excavation and Disposal) is 
approximately $691,000 for the residentialactionlevelwhichincludes nonhazard- 1~.-14.a11 ,_Ul". 
ous soil disposal for SA 8 and hazardous soil disposal for SA 9. Alternatives 
S-l, s-2, and S-3 have high uncertainty of attaining action levels while 
Alternative S-5 is low in that category. Alternatives S-4, and S-5 will achieve 
action levels in less than one year while other alternatives are estimated to 
take much longer: five or more years for Alternative S-3 (Phytoremediation), and 
30 or more years for Alternatives S-2 and S-l (Limited Action). Finally, 
Alternatives S-l, S-4, and S-5 do not require annual operation and maintenance 
(O&M) while the other alternatives do. 

Five remedial alternatives were developed to address groundwater contamination 
at OU 3. 

. Alternative G-l: Limited Action 

. Alternative G-2: Permeable Treatment Walls ,, I~_.-*.. ._^._,_._ ,,.. _.,., 

. Alternative G-3: Extraction and Phytoremediation 

. Alternative G-4: Extraction, Pretreatment, Discharge to Orlando 
Sewage Treatment Plant (STP) 

. Alternative G-5: Extraction, Treatment, Discharge to Surface Water 

Table ES-3 presents a summary of the comparative analysis for the proposed 
groundwater remedial alternatives for .XJ. 3: I,t.can be seen from Table ES-3 that 
Alternative G-2 (Permeable Treatment Wall) has the least cost ($3,168,600) of all 
the active remedies. The highest cost alternatives are the Extraction and 
Treatment Alternative .G,-4, ($9,002,000) and Alternative G-5 ($14,471,000). 
Unfortunately, the uncertainty of attaining action levels is high for all 
alternatives except the Extraction and Treatment options. Alternative G-3 
(Phytoremediation) has an intermediate cost ($7,620,000) but with high 
uncertainty of achieving action levels since it is an innovative technology that 
has not been fully tested in the long-term. All groundwater alternatives require 
a long time to reach action levels. 

The evaluation of alternatives was completed based on seven of the nine criteria 
established in the National Oil and Yazardous Substances Pollution Contingency 
Plan. The eighth and ninth criteria, State and public acceptance, will be 
addressed for OU 3 once a public comment period for the Proposed Plan for OU 3 
has occurred. 

.-, 

NTC-RIFS.OU3 
PMw.05.99 

. . . 
-VIII- 



,,, :,, .&, ! ),,. /I..:: ;: ‘*.;..:i; L\t ;:r’ r 

Table ES-2 
Summary of Comparative Analysis for Surface Soil Alternatives 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Odando, Florida 

b 
s-1 S-2 s-4 s-5 

Limited Soil S-3 
Phytoremediation 

Soil ExoalYation 
Action Cover Washing and Disposal 

Alternative: 

Surface Soil Remediation 

Organics removed/reduced? 

lnorganics removed? 

Estimated time to achieve action lev- 
els (years) 

Surface soil contained? 

Surface soil excavated? 

Soil toxicity reduced? 

Remedy permanent? 

Mobility reduced? 

Volume reduced? 

Long-term ecological disruption? 

Uncertainty of attaining action levels? 

Treatment Residuals Produced? 

Operation and Maintenance (O&M) 

Annual System O&M 

Site Monitoring 

No No 

No No 

3ot . 3ot 

No Yes 

No No 

No No 

No YeS 

No Yes 

No No 

No No 

High High 

No No 

No Yes 

Yes Yes 

Yes 

Yes 

5t 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

High 

Yes 

Yes 

Yes 

Yes 

Yes 

<l 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Medium 

Yes 

No 

Yes 

Yes 

YlSS 

<l 

I% 

Yes 

No 

Yes 

No 

No 

No 

LOIW 

No 

Nso 

No 

Organics Yes Yes 

lnorganics Yes Yes 

Total Cost - Cleanup cost for residential action levels (6,770 yd3) 

Present Worth $602,000 $460,066 

Total Cost - Cleanup cost for recreational action levels (2,200 yd”) 

Present Worth $420,000 $240,000 

No No NIO 

No No Nlo 

$644,000 Sl,463,000 S691,OOO 

$420,000 9626,000 $323,000 

Notes: t = more than. 
< = less than. 
yd3 = cubic yards. ! 
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Table ES-3 

Summary of Comparative’Analysis for Groundwater Alternatives 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Alternative: 
G-l 

Limited 
Action 

Groundwater Remediation 

Groundwater extracted? No 

Organics reduced? Potential 

lnorganics reduced? Potential 

Estimated time to 30-k 
achieve action levels’ 
(years)? 

Plume contained? No 

Plume toxicity reduced? No 

Remedy permanent? No 

Uncertainty of attaining High 
action levels? 

Treatment Residuals No 
Produced? 

Operation and Maintenance (O&Ml 

Treatment System and No 
Residuals Management 

Utilities Maintenance No 

Groundwater Monitoring Yes 

G-2 
Permeable 

G-3 
G-4 G-5 

Phyto- 
Groundwater Extraction, Groundwater Extraction, 

Treatment 
Walls 

remediation 
Treatment, Discharge to Treatment, Discharge to 

POTW Surface Water 
<..%. -* l.rllll_ri,..l ,*>1q ‘_ __* ., . :&T< ; 

No 

Potential 

Yes 

30+ 

Yes 

Potential 

Yes 

Yes 

Yes 

Yes 

Yes 

SA8 = 3ot 
SA9=22 

At POTW 

SA8 = 3ot 
SA9=22 

Yes 

SA8=30+ 
SA9=22 

Yes 

Yes 

Unknown 

High 

Yes 

Yes 

Unknown 

High 

Yes 

Yes 

Yes 

LOW 

Yes 

Yes 

Yes 

Low 

No Yes Yes Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

iJO 

Yes 

No 

Yes 

No . 

Contaminants Released/Remainina in Environment 

Organics Yes x Yes 

lnorganics Yes 

Total Cost - Cleanup cost for SA 8 

Yes No No No 
/ ^_/ iii ., I” I. ;, ,,a. ” 

Present Worth $741,000 $1,670,000 $4,095,000 $3,582,000 $6,279,000 

-’ ’ 
e/1.,(. > .k >a,,. l/_v*_ 

Total Cost - Cleanup cost for SA 9 
*,a:., ..~CC4, ; 

Present Worth included $1,498,000 $3,525,000 $5,420,000 $6,192,000 
in SA8 

Combined Total Cost - SA 8 and 9 

Present Worth $741,000 $3,168,000 $7,620,000 $9,002,000 $14,471,000 

’ For Alternative G-4, the treatment system would operate for approximately eight years at SA 6 to remove organic contami- 
nants. After this period, the system would be shut down but the pumps would continue to operate in order for inorganics to 
be treated at the POTW. 

Notes: POTW = publicly owned treatment works. 
SA = study area. 
t = more than. 
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1.0 INTRODUCTION 
f"; 

Harding Lawson Associates (HLA), under contract to Southern Division, Naval 
Facilities Engineering Command (SOUTHNAVFACENGCOM), has prepared this remedial 
investigation and feasibility study (RI/FS) report for Operable Unit (OU) 3, 
which consists of Study Area (SA) 8 (Greenskeeper's Storage Area) and SA 9 
(Former Pesticide Handling and Storage Area) at the Naval Training Center (NTC) 
in Orlando, Florida. The RI/FS is being conducted under Contract Number N62467- 
89-D-0317-136. This report presents the results of the RI/FS for OU 3 and 
includes the following elements: a discussion of the nature and extent of 
contamination; a summary of the fate and transport mechanisms for chemicals of 
concern in site media; the human health risk assessment (HHRA); the ecological 
risk assessment (ERA); the identification of applicable or relevant and 
appropriate requirements (ARARs) and remedial action objectives (RAOs); the 
development and evaluation of remedial alternatives; and a comparative analysis 
of alternatives. 

The technical approach to the RI/FS at OU 3 was developed in conjunction with the 
Orlando Partnering Team (OPT), which includes representatives from the Florida 
Department of Environmental Protection (FDEP), the U.S. Environmental Protection 
Agency (USEPA) Region IV, SOUTHNAVFACENGCOM and their consultants, and the NTC, 
Orlando Department of Public Works. The following sections describe the 
regulatory and facility background for NTC, Orlando and the SA backgro,und for 
ou 3. 

1.1 REGULATORY BACKGROUND. To meet its mission objectives, the U.S. Navy 
performs a variety of operations, some requiring the use, handling, storage, 
and/or disposal of hazardous materials. Through accidental spills or leaks, or 
as a result of conventional methods of past disposal, hazardous materials may 
have entered the environment in ways unacceptable by current standards. With 
growing knowledge of the long-term effects of hazardous materials on the 
environment, the Department of Defense (DOD) initiated various programs to 
investigate and remediate conditions related to suspected past releases of 
hazardous materials at their facilities. Two of these programs are the 
InstallationRestoration (IR) program and the Base Realignment and Closure (BRAC) 
program. 

The IR and BRAC programs comply with the Base Closure and Realignment Act of 1988 
(Public Law lOO-526,102 Statute 2623) and the Defense Base Closure and 
Realignment Act of 1990 (Public Law lOl-510,104 Statute 1808), which require the 
DOD to observe pertinent environmental legal provisions of the Comprehensive 
Environmental Response, Compensation, andLiability Act (CERCLA), Executive Order 
12580, and the statutory provisions of the Defense Environmental Restoration 
Program, the NEPA, and any other applicable statutes that protect natural and 
cultural resources. 

Originally, the Navy's part of the IR program was called the Naval Assessm'ent and 
Control of Installation Pollutants (NACIP) program. Early reports reflect the 
NACIP process and terminology. The Navy eventually adopted the program structure 
and terminology of the standard IR program. 
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The goal of the BRAC program is to expedite and improve environmental response 
actions to facilitate the disposal and reuse of a BRAC installation while Y----x 

protecting human health and the environment. 

To facilitate their assessment, the sites at NTC, Orlando have been separated 
into groups known as OUs. An OU is composed of sites that: 

. are in close proximity to each other, 

. have similar contaminant exposure histories, and/or 

. will likely require similar remedial measures. 

HLA conducted this RI/FS at OU 3, which consists of SA 8 (Greenskeeper's Storage 
Area) and SA 9 (Former Pesticide Handling and Storage Area). 

1.2 FACILITY BACKGROUND. NTC, Orlando encompasses 2,072 acres inorange County, 
Florida, and consists of four discrete facilities: Main Base, Area C, Herndon 
Annex, and McCoy Annex (Figure l-l). OU 3 is located on the Main Base (Figure 
l-2). 

The Main Base occupies 1,095 acres and is located approximately 3 miles east of 
Interstate 4 and north of State Road 50. The Main Base is surrounded by urban 
development, including single and multifamily housing, schools, and commercial 
buildings. Land uses directly west and northeast of the area are primarily 
residential. Small areas of commercial development occur to the southwest. No 
industrial facilities exist adjacent to the Main Base, with the exception of 
automotive repair facilities along Bennett Road on the southwest property line. .J----% 

The history of NTC, Orlando dates to the construction of the original Orlando 
Municipal Airport prior to 1940. In August1940, the municipal airport was taken 
over by the U.S. Army Air Corps. Shortly thereafter, the construction program 
for Orlando Air Base began, culminating in its official opening on December 1, 
1940. During the following two years, the Army Air Corps acquired additional 
property, and auxiliary landing fields were built in the surrounding area. 

In 1947, the U.S. Air Force (USAF) assumed command of the facilities as the 
Orlando Air Force Base (OAFB). The base was deactivated on October 28, 1949, and 
remained on standby status until January 1, 1951, when it was reactivated as an 
Aviation Engineers' training site. During this period, the airfield and other 
excess property needs were scheduled for disposition under the War Surplus Act. 
The airport facilities and adjoining tracts were transferred to the City of 
Orlando. The USAF remained in control of the Main Base, Area C, and Herndon 
Annex. 

In 1968, the USAF ceased operations at OAFB, and the Navy acquired the properties 
referred to as Main Base, Area C, and Herndon Annex. These properties were 
commissioned as the NTC on July 1, 1968 (ABB Environmental Services, Inc. 
[ABB-ES], 1995c). 

The statedmission of NTC, Orlando is to exercise command over and coordinate the 
efforts of the assigned subordinate activities in recruit training of enlisted 
personnel; to provide initial skill, advanced, and/or specialized training for 
officer and enlisted personnel of the regular Navy and Naval Reserve; and to ,f---- 

support other activities as directed (ABB-ES, 1994). The Main Base is composed 
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primarily of operational and training facilities in support of this mission. The 
Main Base is currently in the process of closing and transferring land to the 
City of Orlando, The main training facilities are scheduled to close December 
1998. Formal decommissioning took place on April 30, 1999. Following is a 
description of SAs 8 and 9 that form OU 3. 

1.3 STUDY AREA 8 BACKGROUND. SA 8, the Greenskeeper's Storage Area, is located 
in the eastern part of the Main Base east of Lake Baldwin and west of the golf 
course's third fairway. The predominant land use surrounding SA 8 is recreation- 
al with the golf course to the east and southeast and Lake Baldwin to the west 
and northwest. The Officer's Club, several single family residences, and the 
Bachelor Officer's Quarters are located west of the southern portion of the golf 
course between Lake Baldwin and Lake Susannah (Figure l-2). 

1.3.1 Site Description SA 8 is comprised of the fenced compound known as the 
Greenskeeper's Storage Area and occupies approximately l/3 acre of land. Trident 
Lane ends as a cul-de-sac in the Greenskeeper's Storage Area and is the only 
paved area at SA 8. Building 2134, an 800-square-foot concrete block structure 
built in 1943, is currently used for the storage and routine maintenance of golf 
course greenskeeper's equipment (Figure l-3). A fence surrounds Building 2134; 
several storage sheds and containers are located within this fence, and include 
the following structures (numbers shown correspond to the number scheme on Figure 
l-3): 

. two aluminum mobile buildings, one for paint and one for pesticide 
storage (1, 4); 

. a storage locker for gasoline cans and motor oil (6); 

. a hazardous materials storage locker (10); 

. two large metal storage lockers that have been used for herbicide 
storage (3); 

. a covered open-air shed for vehicles, equipment, and seed storage (2); 

. a deteriorating mobile building for general storage (quonset hut) (12); 

. three aboveground storage tanks, two containing unleaded gasoline and 
diesel fuel with secondary containment and a roof, and one with no 
secondary containment containing used oil (5, 7). 

A second fenced area containing three sheds abuts the south side of the primary 
storage area. This area was formerly used by the NTC, Orlando ,grounds 
maintenance crew. However, it has been transferred to the golf course 
greenskeepers, who now use it for seed storage. Grass is maintained within this 
fenced area. 

The remainder of the site is sparsely vegetated, with trees bordering the fence 
in many areas. A strip of dense, wooded wetlands, approximately 60 feet ,wide at 
its maximum, lies between the northwestern fenced perimeter of SA 8 and the open 
water of Lake Baldwin (Figure l-3). A narrow strip of no vegetation, directly 
outside the fence, is maintained mechanically and chemically (i.e., periodic 
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application of Roundup) for fire control purposes. The eastern side of the 
1 fenced complex is borderedby grassy fairways of the recently closed golf course. 

! 

Vegetation outside the fence appears generally healthy, with some bare spots 
within the shaded areas near the fences. 

The present greenskeeper has indicated that, under current practices, most of the 
pesticides and herbicides are stored at Building 139 (Pest Control Building) 
located approximately one mile south of SA 8 on Rickover Circle near the southern 
boundary of the Main Base. According to the greenskeeper, only pesticides and 
herbicides intended for use in the immediate future are currently stored at the 
Greenskeeper's Storage Area. 

In the records reviewed for SA 8 during preparation of the RI/FS Workplan, there 
was no record of connections to a sanitary sewer, septic system, or dry well. 
A wash sink and a shower, outside Building 2134, and an eye wash and water 
fountain inside the building, drain to the ground next to the building. The 
source of the potable water for these structures at SA 8 is unknown. 

Over the past few years, the area outside the fence surrounding SA 8 has been 
sprayed with herbicides (i.e., Roundup) to keep the vegetation from growing on 
the fence. 

South of SA 8, on the west side of Trident Lane, is a paved area that measures 
approximately 10 feet by 30 feet and is grass-covered (Figure l-3). IBecause 
there is a water supply connection across Trident Lane from this area, and there 
is no evidence of contamination from equipment washing, it is believed that this 
area was possibly a watering station for sprayer tanks. 

1.3.2 Site History Aerial photographs taken prior to 1962 show that the only 
structure at SA 8 was Building 2134, a 20-foot by 40-foot concrete block 
structure. Trident Lane was not paved or well defined. Additional structures 
are observed in aerial photographs taken between 1975 and 1987, which may 
indicate increased activity at the site (Figure l-4). In a 1987 aerial 
photograph, most of the current structures are present, the area is surrounded 
by a fence, and Trident Lane is better defined. Information regarding the use 
of Building 2134 prior to its designation as the greenskeeper's storage building 
was derived from master building schedules dated 1944 and 1961 (Orlando Army Air 
Base, 1944; OAFB, 1961). According to the 1944 schedule, Buildings 2134, 2131, 
2132, and 2133 were originally constructed in 1943 and used as radio shac'ks. In 
1961, Building 2134 was listed as a covered storage building for the Civil 
Engineering Unit. The site has most recently (1998) been used as the central 
maintenance facility for the golf course and was officially closed on June 1, 
1998. 

1.4 STUDY AREA 9 BACKGROUND. SA 9 is identified as the Former Pesticide Handling 
and Storage Area and is located in the east part of the Main Base on the 
southwest side of the golf course. The predominant use for the land surrounding 
SA 9 is recreational, with the golf course located on the east and south, and 
Lake Baldwin to the north. Several residences are located approximately 1120 feet 
west of the site (Figure l-5). ' 
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1.4.1 Site DeSCriDtiOn SA 9 is comprised of an approximately rectangular tract 
of land surrounding the former location of the pesticide and herbicide storage /--a 

building (Building 2132), an unnumbered storage shed, and a former parking area 
across Trident Lane (Figure l-5). The shore of Lake Baldwin is approximately 150 
feet northwest of the former location of Building 2132. Based on aerial photo- 
graphs, the former pesticide and herbicide storage area occupies approximately 
0.42 acre. Currently, the site is a grassy field with drainage swales bordering 
the west, south and east sides (Figure l-5). The eastern drainage swale crosses 
under Trident Lane and continues into the wooded wetland area bordering Lake 
Baldwin. There are scattered mature trees, particularly south of the former 
building locations. There is no evidence of stressed vegetation. Access to the 
entire area is unrestricted. Farther south is the fairway for hole number 4 of 
the 18-hole golf course. There is a small concrete slab in the northwest corner 
of the site, approximately 15 feet south of Trident Lane; old aerial photographs 
indicate that the concrete slab y.as the foundation for a small shed that 
postdates the former pesticide and herbicide storage area. 

.", / _: ., ," 

In the portion of the site just north of Trident Lane, a layer of top soil up to 
8 inches thick overlies crushed limestone. The crushed,limestone is likely the 
surface of a parking and work area associated with Building 2132 that is visible 
on aerial photographs. 

1.4.2 Site History Building 2132 was a 20- by 40-foot concrete-block structure 
with a wood-framed roof similar to Building 2134 at SA 8. It was originally 
constructed in 1943 (Orlando Army Air Base, 1944) as a radio shack. The 1944 
building schedule also lists a balloon mooring post adjacent to Building 2132. 

- 
According to a 1961 Building Schedule (OAFB, 1961), Building 2132 was used as a 
Global Communications Facility. According to an undated building schedule (ca. 
1970), the building had been converted to use as a storage area for the civil 
engineering unit, presumably for pesticide use. Pesticide mixing activity was 
halted at this location in 1972 (C.C. Johnson, 1985). There were reports that 
pesticides had been stored in the building after 1972, but that there was no 
activity at the building (C.C. Johnson, 1985). 

Aerial photographs dated prior to 1981 show Building 2132, a 15- by 20-foot shed, 
some equipment in what appears to be a work area to the south of Trident Lane, 
and a parking area north of Trident Lane, across from Building 2132. The parking 
lot north of Trident Lane appears to have been used as employee parking. The 
building and the shed were demolished in 1981 (C.C. Johnson, 1985). 

The site was used to store and,mix pesticides and herbicides and to clean 
application equipment for all pest control activities at the Main Base. 
Operations reportedly consisted of mixing the pesticides and herbicides in 
containers on the ground (C.C. Johnson, 1985). During these operations, spills 
are likely to have occurred. In addition, rinse water used to clean application 
equipment and empty containers was reportedly discharged inside the building to 
a drain connected to a gravel sump (C.C. Johnson, 1985). Typical annual 
quantities of pesticides and herbicides used (based on 1970 data) included 
approximately 62,000 gallons of liquid material and 43,000 pounds of dry 
material. Chemicals reportedly used included baygon, diazinon, chlordane, 
dieldrin, malathion, 2,4'-dichlorophenoxyacetic acid (2,4-D), anticoagulant, 
mineral oils, arsenic, pyrethrum, paraquat, kepone, endothall, diuron, naled, / 

monuron, dichlorvos, hydrothol, and dimethoate (C.C. Johnson, 1985). 
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Approximately 300 gallons of pesticides and herbicides were reportedly found in 
the building when it was demolished in 1981 (C.C. Johnson, 1985). I?revious 
studies have cited reports that the debris from Building 2132 was buried on site 
and covered with a thin layer of sand. However, visual inspection of the area 
and geophysical surveys have not verified these reports. 

1.5 PREVIOUS INVESTIGATIONS. OU 3 was investigated during the Initial 
Assessment Study (IAS) (C.C. Johnson, 1985), Verification Study (Geraghty & 
Miller, 1986), and the BRAC Environmental Baseline Survey (EBS) (ABB-ES, 1994). 
In addition to the site-specific information contained in these documents, 
descriptions of IR and BRAC program investigations at NTC, Orlando can be found 
in the Project Operations Plan (POP) (ABB-ES, 1997a) and the BRAC Cleanup Plan 
(ABB-ES, 1996). 

1.5.1 Study Area 8 Investinations The first phase of the IR program at SA 8 was 
the EBS, which was conducted in 1994 (ABB-ES, 1994). This program included a 
record search and site walkovers. Based on the findings of the EBS, further 
investigation under the site screening program was recommended. 

HLA conducted a site screening investigation at SA 8 in August 1994 (ABB-ES, 
1995b). Originally (during the site screening investigation), SA 8 consisted of 
the Greenskeeper's Storage Area (Building 2134 and associated structures) and the 
Former Wastewater Treatment Plant (WWTP) Lagoons (Unnumbered Facility 15). 
However, sampling results for the site screening at the WWTP Lagoons indicated 
that remedial action was not necessary. The final report for the WWTP Lagoons 
was submitted and approved for no further action by the OPT in April 1997. 
Therefore, SA 8 now consists of only the Greenskeeper's Storage Area. 

Soil and groundwater were evaluated at SA 8 during the 1994 site screening 
investigation. To evaluate soil contamination at the SA, eight surface soil 
samples were collected from the suspected areas of contamination. To evaluate 
groundwater quality, four monitoring wells were installed and sampled (well 
designations OLD-08-01 through -04). Subsurface soil samples were also collected 
during the monitoring well installation. 

Arsenic and benzo(a)pyrene concentrations greater than established background 
screening concentrations or Florida's Residential soil cleanup goals (SCGs) were 
detected in surface soil samples. Arsenic concentrations exceeding the Federal 
Maximum Contaminant Level (MCL) and Florida Groundwater Guidance Concentrations 
(FGGCs) were detected in groundwater. Based on these findings, the Site 
Screening Report recommended that an RI/FS be conducted at SA 8. 

1.5.2 Study Area 9 Investizations The first phase of the IR program at SA 9, 
NTC, Orlando was the IAS conducted in 1985 (C.C. Johnson, 1985). This phase 
included an archival search and site walkovers. Based on the findings of the 
IAS, a verification study was conducted in 1986 (Geraghty & Miller, 1986). 
During these investigations, the Former Pesticide Handling and Storage Area was 
designated Site 8. In later investigations, this designation was changed to 
SA 9. 

During the verification study, investigators found that the former pesticide and 
herbicide storage area was incorrectly identified in the IAS as being in the 
vicinity of former Building 2133, located along Trident Lane midway between 
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Buildings 2132 (former) and 2134 on the north side of the road. A building 
visible in an aerial photograph taken between 1972 and 1987 corresponds to a r---Y 

building labelled 2133 on a 1945 Army Air Base site plan (U.S. Army Corps of 
Engineers, 1945). Following discussions with the golf course greenskeeper and 
NTC, Orlando Department of Public Works personnel, it was determined that the 
former pesticide and herbicide storage area was Building 2132. 

During the verification study, three shallow monitoring wells were installed-to 
assess the affects of SA 9 on groundwater quality. These wells were originally 
designated OLM 16, 17, and 18. The original designations were changed during 
site screening activities to coincide with SOUTHNAVFACENGCOM guidance for 
monitoring well designations (1997). These wells are currently identified as 
OLD-09-02, -03, and -04, respectively. Ethylbenzene, phenol, 2-chlorophenol, 
2,4-dichlorophenol, and chlordane were detected in samples from these wells. 
Based on the groundwater data, a recommendation was made in the Verification 
Study (Geraghty 6 Miller, 1986) for the installation of a fourth monitoring well 
hydraulically downgradient (north) of the site, between the site and Lake 
Baldwin. In addition, a recommendation was also made in the Verification Study 
for quarterly monitoring of the site for a period of 1 year. 

HLA conducted a site screening investigation at SA 9 in August 1994 (ABB-ES, 
1995b). To evaluate soil at the SA, four surface soil samples were collected 
from the suspected areas of contamination. Because the buildings had been 
demolished, suspected areas of contamination were identified by reviewing aerial 
photographs and by using geophysical survey techniques. To further evaluate 
groundwater quality, one monitoring well (OLD-09-01) was installed between the 
SA and Lake Baldwin as recommended in the Verification Study (Geraghty & Miller, / 
1986). A subsurface soil sample was collected just above the water table 
interface during the monitoring well installation (ABB-ES, 199513). 

Arsenic, lead, and semivolatiles were detected at concentrations greater than 
Federal MCLs and/or FGGCs in groundwater samples. Polynuclear aromatic 
hydrocarbons (PAHs) and pesticides were detected at concentrations greater than 
Florida SCGs in soil samples. Based on the analytical results, the Site 
Screening Report (ABB-ES, 1995b) concluded that further evaluation of surface 
soil and groundwater at SA 9 was required. 

1.5.3 Interim Remedial Actions (1RA.s) at Study Areas 8 and 9 An IRA was 
completed for SAs 8 and 9 surface soil‘in September 1997. The IRA was conducted 
to address arsenic contamination in soil at SA 8 and pesticide contamination in 
soil at SA 9, and included excavation to a maximum depth of 2 feet below land 
surface (bls) at SA 8 and 5 feet bls at SA 9, and off-site disposal of 
contaminated soil. The IRAwas conductedby Environmental Detachment Charleston, 
a Naval Sea Systems Command organization headquartered at the former Charleston 
(South Carolina) Naval Base. 

Approximately 40 yd3 of soil were removed from SA 8, and approximately 2,140 yd3 
of soil were removed from SA 9 during the IRA. The approximate areas excavated 
at SA 8 and SA 9 are shown on Figures 1-3 and 1-5, respectively. Confirmatory 
samples from the excavation areas were collected for analysis prior to 
backfilling the excavationwith Florida-certified clean fill. The IRA activities 
and the analytical results from the sampling conducted were summarized in the 
report titled Completion Report, Interim Remedial Action for Study Areas 8, 9, -J---x 

and 52, Naval Training Center, Orlando, Florida (SOUTHNAVFACENGCOM, 1997b). The 
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sections of the report pertaining to OU 3 are included as Appendix A to this 
report, 

1.6 RI/FS OBJECTIVES AND REPORT ORGANIZATION. Although NTC, Orlando is not 
listed on the National Priorities List, the RI/FS was conducted under the BRAC 
program in accordance with the methods described in the USEPA Guidance for 
Conducting Remedial Investigations and Feasibility Studies under CERCLA (USEPA, 
1988c). 

The objectives of the RI/FS were to 

. determine the nature and distribution of contaminants at the sites; 

. identify risk to human health or the environment posed by contaminants 
at the SAs; and 

. identify and assess feasible alternative site remedies to protect human 
health and the environment. 

The field investigation program was designed to be as efficient and streamlined 
as possible to effect a rapid data acquisition and evaluation process during the 
RI/FS. To this end, investigators began with the understanding that it would not 
be possible to completely characterize this site or any other similar site with 
even a very large number of explorations and chemical analyses. Rather, the 
approach was to sufficiently characterize the site with a limited number of 
explorations and analyses to permit development and refinement of a conceptual 
model based on reasonable conclusions drawn from those data. Remedial 
alternatives will be selected such that planned contingencies may be invoked at 
any time during the investigation when it becomes apparent that probable 
conditions have given way to deviations in those assumptions. In this way, a 
balance between managed uncertainties and the implementation of remedial 
alternatives is achieved, resulting in improved efficiencies. 

Once the RI was completed, the FS was conducted to evaluate potential remedial 
alternatives based on engineering factors, implementability, environmental and 
public health concerns, and costs. 

The RI/FS Report consists of the following thirteen chapters with supporting 
appendices: 

. Chapter 1.0 provides an .introduction to the report and includes a 
summary of the regulatory and facility background, a description of 
each SA within the OU, a summary of previous investigations at each SA, 
and a summary of the RI/FS objectives, 

. Chapter 2.0 summarizes the field investigation activities. 

. Chapter 3.0 describes the regional and site-specific physical setting. 

. Chapter 4.0 describes the nature and distribution of contamination at 
ou 3. 
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l Chapter 5.0 discusses the fate and transport of the contaminants of 
concern at OU 3. n 

Chapter 6.0 presents the JAHRA. 

Chapter 7.0 presents the ERA. 

Chapter 8.0 presents the findings and conclusions of the RI. 

Chapter 9.0 describes the FS process. 

Chapter 10.0 identifies the RAOs. 

Chapter 11.0 identifies the ARARs. 

Chapter 12.0 presents a detailed analysis of remedial alternatives. 

Chapter 13.0 presents a comparative analysis of remedial alternatives. 
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2.0 FIELD INVESTIGATION ACTIVITIES AND RATIONALE 

The following sections provide a description of the field activities that have 
been completed for site characterization at OU 3. The conceptual site model 
developed for the workplan (ABB-ES, 1997b) made reasonable assumptions regarding 
various contamination pathways and receptors, but allowed for potential 
deviations from those initial assumptions to permit flexibility during the 
implementation of the field investigation. 

Field activities were performed in accordance with the guidelines set forth in 
the POP (ABB-ES, 1997a) and the workplan (ABB-ES, 1997b). Well installation, 
development, and sampling activities were performed in accordance with SOJJTRNAV- 
FACENGCOM guidelines for groundwater monitoring well installation (1997a) and as 
specified in the USEPA's Region IV Environmental Compliance Branch S,tandard 
Operating Procedures and Quality Assurance Manual (1996a). 

2.1 SOIL INVESTIGATION. The objectives of the soil investigation at OU 3 were 
as follows: 

. evaluate the nature and distribution of soil contamination, 

. identify potential sources of groundwater contamination, 

. evaluate potential migration of contaminants off site via surface water 
runoff, and 

. develop sufficient information to complete the risk assessment and the 
FS. 

A two-phased approach was established to meet these objectives. The Phase I soil 
investigation was focused on surface soil sampling in potential source areas 
because the highest contaminant concentrations were anticipated to occur at the 
surface. Results of Phase I were used to refine the approach for the Phase II 
soil investigation. During the second phase, additional surface soil samples 
were collected at both of the SAs to further define the limits of surface 
contamination. 

Soil sampling was conducted in accordance with the procedures presented in the 
POP (ABB-ES, 1997a) and the workplan (ABB-ES, 1997b). A soil sample collection 
summary is provided in Table 2-1. Surface soil samples were collected from a 
depth interval of 0 to 1 foot bls, with exceptions as shown in Table 2-l. Water 
table elevations were less than 2 feet bls at the time of sampling. Therefore, 
the soil sampling programwas limited to surface soil, as described in Subsection 
2.1.2. Field sampling logs are included in Appendix B. Soil sample lolcations 
are shown on Figures 2-1 and 2-2. 

2.1.1 Phase I - Soil Sampling The first phase of soil sampling was conducted 
between November 11 and November 17, 1997. Three types of surface soil samples 
were collected: (1) grid samples, (2) biased samples, and (3) drainag,e swale 
samples. 
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Table 2-1 
Summary of Surface Soil Samples 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Sample ID Date Sampled Depth (ft bls) Analytical Parameters’ 

Studv Area 8 

08SOO900 11-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08S00900D 1 l-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SOlOOO 1 l-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SOllOO 11-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO1200 11-12-97 oto 1 SVOCs, Pestioide/PCBs, Herbicides, TAL Metals 

08SO1300 1 i-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO1400 1 l-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SOl500 1 I-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO1502 02-13-98 oto 1 TOC, FeO,, As Spec 

08S01600 11-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO1700 11-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08s01800 11-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08S01900 1 l-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO2000 11-12-97 .oto1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08s02100 1 l-12-97 oto 1 SVOCs, Pe.sticide/PCBs, Herbicides, TAL Metals 

D6so2200 11-12-97 0 to 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

D8SO2300 1 I-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

38802400 11-17-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

38802500 1 l-12-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

38802600 1 l-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

38SO2700 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

38802800 1 l-17-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

38S02800D 11-17-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08802802 02-13-98 0 to 2 TOC, FeO,, As Spec 

08S02802D 02-13-98 0 to 2 TOC, FeO,, As Spec 

08SO2900 11-17-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO3000 11-17-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08s03100 11-12-97 0 to 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08803200 11-17-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08803300 1 I-17-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08803400 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO3500 11-W-97 oto 1 SVOCs, Pesticide/PC%, Herbicides, TAL Metals 

08SO3600 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO3700 1 l-14-97 ,oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO3800 1 l-14-97 oto 1 SVOCs, Pesticide/PC&, Herbicides, TAL Metals 

08SO38OOD 11-W-97 0 to 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 
CL... ..r*..* r. ^..-I -1 .^LI^ 
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Tat& 2-i (CkGtihued) 
Summary of Surface Soil Samples 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center, Orlando 
Orlando, Florida 

Sample ID Date Sampled Depth (ft bls) Analytical Parameters’ 

Study Area 8 (Continuedl 

08803900 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO4000 11-14-97 0 to 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08s04100 11-14-97 .oto1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08804200 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08504300 11-14-97 0 to 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08804400 1 l-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08804500 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08804600 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO4700 1 l-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO4800 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO4802 02-l 3-98 ‘oto 2 TOC, FeO,, As Spec 

08SO4900 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO5000 11-14-97 oto 1 SVOCs, Pesticide/PC%, Herbicides, TAL Metals 

08805002 02-l 3-98 0 to 2 TOC, FeOz, As Spec 

08SO5100 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO51 OOD 1 l-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Mel:als 

08805200 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Mel:als 

08505301 02-10-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Mel:als 

08805401 02-l O-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Mei:als 

08805501 02-l O-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08805601 02-10-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08505701 02-l O-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08SO5702 02-l 3-98 ‘otol TOC, FeO,, As Spec 

08SO5801 02-W-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08805901 02-10-98 oto 1 SVOCs, Pesticide/PC%, Herbicides, TAL Metals 

08s06001 02-l O-98 oto 1 SVOCs, PesticidejPCBs, Herbicides, TAL Metals 

08s06101 02-l O-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08806201 02-l O-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08806301 02-l O-98 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

08506301 D 02-l O-98 oto 1 SVOCs, Pesticide/PC%, Herbicides, TAL Metals 

Study Area 9 

09s00500 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09SOO500D 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09800502 03-17-98 0 to 2 TOC, FeOz, As Spec 

09SOO600 11-11-97 oto 1 SVOCs, Pestioide/PCBs, Herbicides, TAL Metals 

09s00700 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09800702 03-l 7-98 oto 2 TOC, FeO,, As Spec 

See notes at end of table. 
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pMw.05.99 2-3 



Table 2-l (Continued) 
Summary of Surface Soil Samples 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center, Orlando 
Orlando, florida 

Sample ID Date Sampled Depth (ft bls) Analytical Parameters’ 

Study Area 9 (Continued) 

09SOO800 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09SOO802 02-l 3-98 0 to 1.5 TOC, As Spec, FeO, 

09s00900 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s01000 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s01100 11-11-97 0 to 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09501200 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s01300 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s01400 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09501500 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09SO1600 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09501700 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s01600 11-11-97 ‘otol SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09SO18OOD 11-11-97 0 to 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s01900 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s02000 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals . . . 
09s02100 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s02200 11-11-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s02300 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09802400 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s02500 11-14-97 oto 1 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09SO2600 11-14-97 0 to 2 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09s02700 11-14-97 0 to 2 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09502600 11-14-97 0 to 2 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals 

09802901 02-10-98 0 to 1 Pesticide/PCBs, TAL Metals 

09802901 D 02-l O-98 oto 1 Pesticide/PCBs, TAL Metals 

09s03001 02-10-98 0 to 1 Pesticide/PCBs, TAL Metals 

09s03101 02-l O-98 oto 1 Pesticide/PCBs, TAL Metals 

09so3201 02-10-98 0 to 1 Pesticide/PCBs, TAL Metals 

09s03202 02-G-98 0 to 1.5 TOC, As Spec, FeO, 

09so3301 02-l O-98 oto 1 Pesticide/PCBs, TAL Metals 

09so3302 02-l 3-98 oto 1 TOC, As Spec, FeO, 

09SO3401‘ 02-10-98 .oto1 Pesticide/PCBs, TAL Metals 

09so3501 02-10-98 oto 1 Pesticide/PCBs, TAL Metals 

09so3601 02-10-98 0 to 1 Pesticide/PCBs, TAL Metals 

’ Refer to Chapter 4.0 for summary of analytical methods used. 

Notes: ID = identification. 
ft bls = feet below land surface. 
SVOC = semivolatile organic compound. 
PCB = polychlorinated biphenyl. 
TAL = target analyte list. 

D = duplicate sample. 
TOC = total organic carbon. 
FeO, = iron oxides. 
As Spec = arsenic speciation. 

.- 
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Sampling grids were established at each SA to cover those portions of the site 
where contamination was considered most likely based on historical information 
and site screening data. The grid node spacing was selected using statistical 
methods as described in the OU 3 Workplan (ABB-ES, 1997b). The grid spacing was 
approximately 30 feet at SA 8 and 20 feet at SA 9. 

The biased samples were collected from distinct areas where contamination was 
considered possible, but less likely than in the grid areas. The grid samples 
and biased samples were used to evaluate the nature and distribution of 
contaminants in the suspected source areas. 

Samples were also collected from drainage swales that are in or adjacent to the 
SAs and carry surface runoff to Lake Baldwin. The purpose of collecting samples 
from the drainage swales was to evaluate the migration of contaminants via 
surface runoff. 

2.1.1.1 Study Area 8 At SA 8, a total of 41 grid samples, plus appropriate 
quality assurance and quality control (QA/QC) samples, were collected during 
Phase I. These samples were numbered 08SOO900 to 08804900. Grid samples at SA 
8 were collected at measured grid nodes with no notable deviation. In accordance 
with the workplan, these grid samples were collected to evaluate contamination 
due to sources originating in the work area at SA 8. 

Three biased samples were also collected at SA 8, 08SO5000, 08SO5100, and 
08SO5200, in accordance with the workplan (Figure 2-l). These samples were 
collected southwest of the mainwork area to investigate another potential source 
of contamination (suspected wash or truck-watering station). No man-made 
drainage swales exist at SA 8. Grid samples 08SOO900, 08SO1500, and 08SO2100 
were collected in the vegetated area between the work area and Lake Baldwin; 
these three samples were to be used along with the second phase samples from that 
area to evaluate the influence of surface drainage on contaminant transport. 

2.1.1.2 Study Area 9 At SA 9, a total of 11 grid samples, plus appropriate 
QA/QC samples, were collected during Phase I (OSSOOSOO to 09SOl500). The area 
excavated during the IRA (Figure l-5) was excluded from the sample grid. Biased 
samples were collected from several potential source areas at SA 9. Three biased 
samples (09802300, 09802400, and 09802500) were collected from the area 
surrounding the southwest end of former Building 2132. Grid sample 098023200 was 
also collected from an area near this former building. Four samples (09SOO600, 
09802600, 09802700, and 09802800) were collected from the former parking area 
north of Trident Lane. One sample (09SOO800) was collected on the east side of 
the drainage swale and north of Trident Lane. Five samples (09SOO500, 09SOO700, 
09s00900, 09s01100, and 09SO1400) were collected from the drainage swale, 
northeast of the former work area. 

2.1.2 Phase II - Soil Sampling Surface soil samples were collected during the 
second phase of field investigation from both SAs to further evaluate the nature 
of the contaminants and to delineate the horizontal and vertical contaminant 
distribution. Phase II soil sampling was conducted between February 10 and 
February 13, 1998, and on March 17, 1998. 

With one exception at SA 8, no subsurface soil samples were collected during the 
RI/FS. According to the RI Workplan, subsurface soil samples were to be 
collected during the second phase of RI/FS sampling at both SAs. The intent was 
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to obtain analytical data from the soil horizon between the depths of two and 
five feet bls to evaluate the vertical migration of contaminants through the ,,----Y 
unsaturated soil. Based on the results of Phase I soil sampling, several 
locations at each SA were designated for collection of subsurface soil samples 
to depths up to five feet bls. However, during the period of performance of the 
field investigation, the water table at those locations was encountered at 
approximately 1.5 to 2.5 feet, preventing collection of unsaturated soil samples. 
It was agreed at the OPT meeting held on May 20, 1998, that the RI/FS should 
proceed without collection of subsurface soil data unless field conditions would 
allow subsurface soil sampling prior to publication of the RI/FS report. 

2.1.2.1 Study Area 8 At SA 8, surface soil samples were collected during the 
Phase II sampling program at eleven locations not previously sampled (08805301 
to 08806301). These eleven Phase II samples were analyzed for semivolatile 
organic compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), target 
analyte list (TAL) metals, and herbicides. These locations were selected to 
expand the spatial distribution of the grid samples in all directions. Six of 
these samples (08805401through OSSO5901) were collected from an areabetweenthe 
work area and Lake Baldwin, four of the samples (08SO6001 through 08SO6301) were 
located on the hydraulically upgradient side of the work area, and one sample 
(08SO5300) was located west of the suspected wash area (Figure 2-l). 

At SA 8, four Phase I sample locations and one Phase II sample (08805702) were 
also selected for additional soil characterization as described below. The four 
existing locations (08804800, 08SO5000, 08802800, and OSSOl500) were selected 
based on the concentration of arsenic detected at these locations during the 
Phase I investigation, and based on their spatial distribution across the SA. #+-%. 
The location of 08SO4800 was selected for additional characterization because j : 4. +I 
that sample exhibited the highest detected arsenic concentration during the 
Phase I (66 milligrams per kilogram [mg/kg]). Sample 08SO5000 was selectedbased 
on its location at the suspected former wash area. Sample 08802800 was selected 
based on its location near the center of the work area, and sample 08SO1500 was 
selected because it was located along the downgradient edge of the SA. Sample 
08805702 was selected based on its location in the migration pathway from the SA 
to the lake. At each of these five locations, a surface soil sample was 
collected and analyzed for the following soil quality characteristics: pH (in- 
field measurement), reduction oxidation potential (Eh) (in-field), total organic 
carbon (TOC), iron oxides, and arsenic speciation. (Refer to Section 4.4 for a 
discussion of the arsenic speciation sampling methodology.) 

2.1.2.2 Study Area 9 At SA 9, surface soil samples were collected during the 
Phase II sampling program at eight locations not previously sampled (09802901 
through 09803601). These eight Phase II samples were analyzed for TAL metals and 
pesticides. These locations were focused on the drainage swale. Two were 
collected on the east side of the swale (09SO3501 and 09803601), one on the west 
side (09802901), one at the end of the discernible drainage feature within the 
wetlands (09803201) and four were collected from the wetland around the end of 
the drainage feature (09SO3001, 09SO3101, 09SO3301, and 09803401) (Figure 2-2). 
Two of these samples (08303202 and 08803302) as well as two samples recollected 
from Phase I sampling locations (09800502, 09300702, and 09SOO802) were subjected 
to additional soil characterization, including arsenic speciation and associated 
parameter measurement (pH, Eh, TOC, and iron oxides). 

.-. 
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2.2 MONITORING WELL INSTALLATION. 

f-7 

The objectives of the groundwater investiga- 
tion at OU 3 were as follows: 

. characterize the vertical and horizontal distribution of groundwater 
contamination, and 

. develop sufficient information to complete the risk assessment and the 
FS. 

Microwells and hand-driven well points were installed at SA 8 and SA 9 during the 
RI/FS. The results of the first phase of the groundwater investigation were 
presented and discussed at the January 1998 OPT meeting. At this meeting, the 
workplan for the second phase groundwater investigation was presented and agreed 
upon. Also at this meeting, it was determined that microwells and well points 
would be used during the second phase investigation in place of conventional 
monitoring wells. Therefore, no conventional monitoring wells were installed 
during the RI/FS. 

The workplan for OU 3 indicated that one soil boring would be conducted at each 
SA during the RI/FS for continuous split-spoon sampling for geologic classifica- 
tion. This information was to be used to assess stratigraphy at the site. 
Because no conventional monitoring wells were installed at the OU during the 
RI/FS, these soil borings were not conducted. Instead, a review of existing 
stratigraphic information for the Main Base of NTC, Orlando was completed 
(Chapter 3.0). 

Microwells and well points were installed in accordance with the procedures 
i described in the POP with exceptions as described below. Figures 2-3 and 2-4 

show where microwells and well points were installed at SAs 8 and 9, respect- 
ively. Table 2-2 summarizes the monitoring well construction details and 
groundwater sampling activities. Construction logs are included in Appendix B. 

Well screens for all shallow and intermediate microwells were constructed with 
preinstalled filter packs. All microwells are 0.5 inches in diameter. At each 
shallowmicrowell, the top of the screen was installed approximately 1 foot above 
the water table, and the well screen was 9 feet long. The water table microwells 
at SA 8 were installed to depths of 10 feet and at SA 9 were installed to depths 
ranging from 10 to 12 feet bls. The intermediate microwells at SA 8 and SA 9 
were both installed with 6-foot screens, to a total depth of 29 feet bls (Table 
2-2). 

Well point installations were completed manually using a hand auger. AILl well 
points were constructed of 0.5-inch-diameter Schedule 40 polyvinyl chloride with 
preinstalled filter packs. Four well points were installed at SA 8 and three 
well points were installed at SA 9 (Table 2-2). With one exception (OLD-08-18; 
g-foot screened interval at 11 feet bls), all well points were installed with a 
6-foot screened interval to a depth of between 7 and 7.4 feet bls. 

2.2.1 Phase I - Well Installation Microwells and well points were installed 
during the Phase I groundwater investigation to provide an initial evaluation of 
the distribution of contaminants in groundwater at the SAs. The microwells were 
used in conjunction with existing monitoring wells to form well "fences," and 
well points were installed to evaluate groundwater quality along the shore of 
Lake Baldwin, downgradient of the SAs. Well points were originally scoped for 
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FIGURE 2-3 
GROUNDWATER SAMPLE LOCATIONS 
STUDY AREA 8 
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Table 2-2 
Monitoring Well Construction and Groundwater Sampling Summary 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Type/Diameter Date Total Screened 
Well 

Date Sampled 

(inches) Installed Depth Interval Analytical Parameters’,* Filtered3 
(ft bls) (ft bls) Phase I Phase II 

DLD-08-01 MWl2.0 09/01/94 13.5 3to 13 10/22/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

3LD-08-02 MWl2.0 08/31/94 13.5 3to 13 10/22/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

02/18/98 Arsenic Speciation 

DLD-08-03 MWf2.0 08/31/94 13.5 3to 13 1 o/22/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

DLD-08-04 MWl2.0 09/01/94 13.5 3to 13 10/22/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, J 
TOC, TSS 

DLD-08-05 microwell/0.5 1 O/08/97 10 1 to 10 10/23/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

DLD-08-06 microwell/0.5 1 O/08/97 10 1 to 10 1 o/23/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

3LD-08-07 microwell/0.5 1 O/08/97 10 1 to 10 1 o/23/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

02/18/98 Arsenic Speciation 

3LD-0808 microwell/0.5 1 O/08/97 10 1 to 10 10/22/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

02/19/98 Arsenic Speciation 

3LD-08-09 microwell/0.5 1 O/08/97 10 1 to 10 10/22/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, J 
TOC, TSS 

5LD-O8-10 microwell/0.5 10/10/97 10 1 to 10 10/23/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

3LD-O8-11 microwell/0.5 10/10/97 10 1 to 10 10/23/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

3LD-08-12 microwell/ 1 o/09/97 29 23 to 29 1 o/23/97 SVOCs, PesticidelPCBs, Herbicides, TAL Metals, J 
TOC, TSS 

see notes at end of table. 



Table 2-2 (Continued) 
Monitoring Well Construction and Groundwater Sampling Summary 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Type/Diameter Date 
Total Screened Date Sampled 

Well Depth Interval Analytical Parameters’*’ Filtered3 
(inches) Installed 

(feet bls) (feet bls) Phase I Phase II 

OLD-08-13 well point/O.5 1 l/24/97 7.14 1.13 to 7.13 12/05/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, J 
TOC, TSS4 

2/l 4198 Arsenic Speciation 

OLD-CIa-14 well point/O.5 1 l/24/97 7.13 1.12 to 7.12 12/08/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

OLD-98-15 well point/O.5 11/24/97 7.23 1.22 to 7.22 12/05/97 SVOCs, Pesticide/PCBs, Herbicides, TAL Metals, 
TOC, TSS 

OLD-6816 microwell/Od 02/04/98 10 1 to 10 02/18/98 TAL Metals, TOC, TSS, Arsenic Speciation’ 

OLD-0817 microwell/0.5 02/04/98 9.9 0.9 to 9.9 02/18/98 TAL Metals, TOC, TSS, Arsenic Speciation 

OLD-0818 well point/O.5 02/06/98 11 1.5 to 10.5 02/19/98 TAL Metals, TOC, TSS, Arsenic Speciation4 

OLD4I9-01 MW/2.0 08/30/94 13.5 3to 13 1 o/20/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- 
als, TOC, TSS 

OLD-C@-02 MWl2.0 1986 12 7to 12 1 o/20/97 SVOCs,s Pesticide/PCBs. Herbicides, TAL Met- 
als, TOG, TSS 

OLD-99-03 MWl2.0 1986 12ft 7to 12ft 10/20/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- 
als, TOC, TSS 

OLD-09-04 MW/2.0 1986 12ft 7to 12ft 10/21/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- J 
als, TOC, TSS 

2/l 2198 Arsenic Speciation 

OLD-09-05 microwell/0.5 1 O/06/97 10 1 to 10 10/21/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- 
als, TOC, TSS 

OLD-09-96 microwell/Od 10/06/97 10 1 to 10 10/17/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- J 
als, TOC, TSS 

2/12/98 Arsenic Speciation 

OLD-0967 microwell/0.5 1 O/06/97 12 3to 12 10/21/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- J 
als, TOC, TSS 

OLD-99-08 microwell/0.5 1 O/06/97 11 210 11 10/24/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- 
als, TOC, TSS 

OLD-o9-09 microwell/Od 1 o/96/97 10 1 to 10 10/24/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL Met- 
als, TOC, TSS 

See notes at end of table. 



Table 2-2 (Continued) 
Monitoring Well Construction and Groundwater Sampling Summary 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Well 

OLD-99-10 

Type/Diameter 
(inches) 

microwell/0.5 

Date 
Installed 

1 o/07/97 

Total Screened 
Depth Interval 

(feet bls) (feet bls) 

10 1 to 10 

Date Sampled 

Phase I Phase II 

10/21/97 

Analytical Parameters’,’ 

SVOCs,s Pesticide/PCBs, Herbicides, TAL 
Metals, TOC, TSS 

Filtered3 

OLD-r&l 1 microwell/0.5 1 o/07/97 10 1 to 10 10/21/97 

OLD-99-12 microwell/O.fi 1 o/07/97 10 1 to 10 10/21/97 

SVOCs,s Pesticide/PCBs, Herbicides, TAL 
Metals, TOC, TSS . 

SVOCs,s Pesticide/PCBs, Herbicides, TAL 
Metals, TOC, TSS 

OLD-09-13 microwell/0.5 1 o/07/97 29 23to29 10/21/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL 
Metals, TOC, TSS 

OLD-09-14 well point/O.5 1 l/25/97 7.40 1.39 to 7.39 12/04/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL 
Metals, TOC, TSS 

OLD-99.15 well point/O.5 1 l/25/97 7.19 1.18 to 7.18 12/05/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL J 
Metals, TOC, TSS 

OLD-99-16 well point/O.5 1 l/25/97 7.12 1.11 to 7.11 12/05/97 SVOCs,s Pesticide/PCBs, Herbicides, TAL J 
Metals, TOG, TSS 

OLD-O9-17 microwell/Od 02/04/98 10.1 0.93 to 9.93 02/12/98 TAL Metals, Herbicides, TOC, TSS, Arsenic 
Speciation 

OLD-r%1 8 microwell/0.5 02/05/98 30.10 23.6 to 29.6 02/l 2198 TAL Metals, Herbicides, TOC, TSS, Arsenic 
Speciation 

’ Refer to Chapter 4.0 for specific analytical methods used. 
* pH and reduction oxidation potential were measured in the field for all samples. 
’ Samples marked as filtered were analyzed for total and dissolved TAL metals. 
4 Toxicity tests were performed on groundwater from wells OLD-0813, OLD-r%16, and OLD-08-18. 

Notes: bls = below land surface. 
MW = monitoring well. 
SVOC = semivolatile organic compound. 
PCB = polychlorinated biphenyl. -_. 
r AL = target anaiyte iist. 
TOC = total organic carbon. 
TSS = total suspended solids. 



installation during Phase II of the investigation. In order to provide a more 
complete profile of contaminant distribution for use in selecting groundwater 
sampling locations for Phase II, the well points were installed at the end of 
Phase I, following evaluation of the Phase I groundwater sampling data. 
Microwell installation was conducted from October 6 to 13, 1997, and well points 
were installed during the week of December 8, 1997. 

2.2.1.1 Study Area 8 One intermediate microwell (OLD-08-12) and seven shallow 
microwells (OLD-08-05 through OLD-08-11) were installed at SA 8. The intermedi- 
ate microwell was installed adjacent to OLD-08-02, which was installed during 
site screening (1994). Upon installation of the microwells, a complete round of 
water-level measurements were taken from all wells at the site (OLD-08-01 through 
OLD-08-12). Based on these measurements, a preliminary groundwater flow 
direction was determined. Based on this groundwater flow direction, three 
shallow well points (OLD-08-13 through OLD-08-15) were installed at the edge of 
Lake Baldwin, directly downgradient from SA 8. 

2.2.1.2 Study Area 9 One intermediate microwell (OLD-09-13) and eight shallow 
microwells (OLD-09-05 through OLD-09-12) were installed at SA 9. The intermedi- 
ate microwell at SA 9 was installed adjacent to OLD-09-11. Upon installation of 
the microwells, a complete round of water-level measurements were taken from all 
wells at the site (OLD-09-01 through OLD-09-13). Based on these measurements, 
a preliminary groundwater flow direction was determined. Based on this 
groundwater flow direction, three shallowwellpoints (OLD-09-14 through OLD-09- 
16) were installed at the edge of Lake Baldwin, directly downgradient from SA 9. 

2.2.2 Phase II - Well Installation Analytical results from groundwater samples 
collected during the Phase I investigation were used to develop the plan for the 

f-Y 

Phase II well installation. 

2.2.2.1 Study Area 8 Two additional microwells and one additional well point 
were installed at SA 8 during Phase II. The two microwells (OLD-08-16 and OLD- 
08-17) were installed on the hydraulically upgradient side of the SA to further 
assess arsenic concentrations. 

One well point (OLD-08-18) was installed along the lake shore between OLD-08-14 
and OLD-08-15 to provide groundwater quality data directly (hydraulically) 
downgradient of the highest arsenic concentrations detected during the first 
phase. 

2.2.2.2 Study Area 9 Two microwells were installed at SA 9 during Phase II. 
A shallow microwell (OLD-09-17) was installed on the east side of the drainage 
ditch to delineate the horizontal extent of arsenic and herbicide contamination. 

An intermediate microwell (OLD-09-18) was installed adjacent to existing 
monitoring well OLD-09-01, in the area where arsenic andherbicide concentrations 
were detected during Phase I at concentrations in exceedance of FGGCs and Federal 
MCLs. This intermediate microwell was installed to delineate the vertical extent 
of groundwater contamination. 

2.3 MONITORING WELL DEVELOPMENT. All newly installedmicrowells andwell points 
were developed in accordance with the POP prior to sampling. The procedures for x--l 

developing wells are described in Paragraph 4.4.6.4 of the POP (ABB-ES, 1997a). 

NTC-RIFS.OU3 
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2.4 GROUNDWATER SAMPLING. Groundwater sampling was conducted in two phases, 
coinciding with the well installation phases. Data from Phase I sampling was 
used to refine the locations and depths of wells installed during Phase II. 
Filtered samples were collected, as appropriate, based on criteria established 
in the workplan and POP, and are.discussed below. Groundwater sampling was 
conducted in accordance with the procedures described in the POP (ABB-ES, 1997a). 
Well locations are shown on Figures 2-3 and 2-4. 

2.4.1 Phase I - Groundwater Sampling Groundwater samples were collected from 
previously existing monitoring wells and newly installed microwells and well 
points. Groundwater samples from existing monitoring wells and microwells were 
collected from October 17 to 24, 1997, and samples from well points were 
collected from December 2 to 8, 1997. Groundwater samples collected from all 
wells during Phase I were analyzed for SVOCs, pesticides, PCBs, herbicides, TAL 
metals, TOC, and total suspended solids (TSS); pH and Eh potential of all samples 
were measured in the field. Filtered samples were collected from eight wells or 
well points where sample turbidity exceeded 10 nephelometric turbidity units 
(NTUs) (locations OLD-08-09, OLD-08-12, OLD-08-13, OLD-09-04, OLD-09-06, C&D-09- 
07, OLD-09-15, and OLD-09-16); filtered samples were analyzed for TAL metals 
only. 

2.4.2 Phase II - Groundwater Sampling During Phase II sampling at SA 8, 
groundwater samples from all newly installed wells were collected and analyzed 
for arsenic speciation and TAL metals, TOG, and TSS; pH and Eh were measured in 
the field for all samples. In addition, the following four wells at SA 8 were 
resampledfor arsenic speciation: OLD-08-02, OLD-08-07, OLD-08-08,.andOLD-08-13. 

At SA 9, groundwater samples from 'all newly-installed wells were collected and 
analyzed for arsenic speciation and TAL metals, herbicides, TOC, and TSS; pH and 
Eh were measured in the field. In addition, arsenic speciation was performed on 
groundwater from wells OLD-09-04 and OLD-09-06. Filtered groundwater samples 
were not collected during Phase II. 

2.5 AQUIFER CHARACTERIZATION. To evaluate site-specific aquifer properties, in 
situ hydraulic conductivity tests were performed on two monitoring wells at each 
SA (OLD-08-02 and -03, and OLD-09-02 and -04). Test well selection was limited 
to the 2-inch conventional monitoring wells, as measuring equipment is not 
available to fit the smaller diameter microwells or well points. Since the water 
levels in the monitoring wells were either below the top of the screened interval 
or too close to the top of the casing to allow for upward displacement, only 
rising-head slug tests were performed. 

Before each test the monitoring well was opened and allowed to equilibrate with 
ambient air conditions. A static water-level measurement was recorded after the 
well had equilibrated. A lo-pounds-per-square-inch pressure transducer was 
lowered into the monitoring well approximately 6 inches to 1 foot from the 
bottom. Time was allowed for the transducer to equilibrate to the new conditions 
and for the water level to return to a static level. The transducer cable was 
taped to the well casing to prevent vertical movement of the transducer. The 
transducer was then connected to a Hermit 2000 datalogger. Since only rising- 
head slug tests were to be performed, the slug was inserted into the well 

a following transducer installation. Once the static water level returned to 
equilibrium, the slug was removed swiftly from the well and the datalogger was 
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started. When the water level had recovered to at least 90 percent of static 
level, the test was stopped. Two slug tests were performed at each tested well. T--3 

The slug test data were downloaded to a computer and analyzed using the method 
of Bouwer and Rice (1976), as implemented in the Aqtesolv software program. For 
wells where the top of the screen was above the water table, the plot was 
analyzed using the double straight line method (Bouwer, 1989) to account for 
filter pack drainage. Refer to Appendix B for data pertaining to the perme- 
ability data evaluation. Permeability test results are discussed in Paragraph 
3.6.2.2. 

2.6 SURVEYS. Various field surveys were conducted as part of the RI/FS, as 
described below. 

2.6.1 Wetland Survey Awetland survey of OU 3 was completed on October 6, 1997, 
by Mr. Jim Carr of the FDEP, Central District Office. The results of this 
delineation were used to distinguish the wetland areas (i.e., marsh or swamps) 
from the upland habitats. This delineation is shown on Figures l-3 and 1-5. 

2.6.2 Elevation and Location Survey A vertical and horizontal elevation and 
location survey was conducted on May 27, 1998, by Jones, Wood and Gentry, Inc., 
a Florida-licensed surveying firm, to obtain topographic information and to 
locate physical features at both SAs. The surveyors established the elevation 
(referenced to mean sea level [msl]) of the top of casing for each existing 
monitoring well and well point. The northing and easting (North American Datum 
83, Florida East Zone) was determined for each monitoring well and well point, /I 
the four corner points of the soil sampling grid established at each of the SAs, 
and any of the biased samples collected outside of the established grid or in 
drainage swales. These data are presented in Chapter 3.0. 

2.6.3 Water-Level Survey Water-level measurements were recorded during November 
1997, and April and May 1998. These data are discussed in Section 3.6 and 
summarized in Table 3-1. The November measurements were restricted to the 
existing monitoring wells and the microwells installed during the Phase I 
groundwater investigation. The subsequent events included all the available 
monitoring wells, microwells, and well points. Prior to taking water-level 
measurements, the caps were removed from each well. The dedicated sampling 
tubing was removed from the microwells and well points so that the water level 
probe would fit down the casing. The water levels were allowed to equilibrate 
before the measurements were made. Each depth-to-water measurement was made in 
reference to a permanent mark on the well casing. The water-level survey data 
were used in conjunction with the elevation survey data to prepare contour maps 
of the surficial aquifer potentiometric surface. 

2.6.4 Ecological Survey An ecological survey of OU 3 was conducted by HLA 
ecologists on October 13 to 16, 1997. The purpose of the survey was to 
characterize the existing ecological habitats and identify potential ecological 
receptors and exposure pathways. The procedures used to complete the ecological 
survey are described below, and the results of the survey are summarized in 
Section 3.8: Ecological Setting. 
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During the ecological survey of OU 3, upland, wetland, and aquatic habitats were 
identified. In addition, a list of all vegetative species observed at each of 
the SAs was recorded. 

Upland habitats, which are referred to as "land not considered to be a jurisdic- 
tional wetland," were described based on the Florida Natural Areas Inventory 
(FNAI) classification system (FNAI, 1990). It is important to note that the FNAI 
classification system describes undisturbed areas. Because the habitats at OU 3 
have been altered or disturbed by human activities, the FNAI classifications were 
slightly modified to more appropriately describe the vegetative cover types 
occurring at each of the SAs. 

Wetland areas delineated during the wetland survey conducted by FDEP were also 
described according to the U.S. Fish andwildlife Services (USFWS) classification 
(Cowardin and others, 1979). 
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3.0 REGIONAL AND SITE-SPECIFIC SETTING CONDITIONS 

The following section describes the regional and site-specific physical 
characteristics of the area, including the physiography, climate, surface water 
hydrology, surface soil, geology, hydrogeology, demography, and local ecology. . 
The information presented here was gathered from surface and subsurface 
exploration, field observations, sample collection, and review of available 
published and unpublished data. 

3.1 PHYSIOGRAPHY. Orange County., Florida, is situated within the Atlantic 
Coastal Plain physiographic province as defined by Brooks (Brooks, 1971). Most 
of the city of Orlando and all of the Main Base facilities at NTC, Orlando are 
contained within the highland topographic region, where elevations are generally 
greater than 105 feet above msl. The land surface across most of the area is 
generally flat, but the higher ground elevations exist in the west side of the 
county and decrease gradually eastward. The elevation ranges from near 175 feet 
above msl in the western part of the county to approximately 100 feet ab'ove msl 
in the east. 

The physiographic foundation of central Florida is the Florida Structural 
Platform, upon which Cretaceous-, Tertiary-, and Quaternary-aged carbonates have 
been deposited. The carbonates are overlain by unconsolidated elastic sediments 
composed primarily of clay to sand-sized grains and organic material. 
Dissolution along the upper surface of the underlying carbonates has resulted in 
the present landform, which is characterized by closed surface depressions and, 
if the water table is of sufficient elevation, shallow sinkhole lakes. 

At the Main Base, the surface elevation decreases from approximately 125 feet 
above msl in the northwest corner to approximately 91 feet above msl at Lake 
Baldwin. Topographic maps of SAs 8 and 9 are included as Figures 3-l and 3-2. 

3.2 CLIMATE. The climate of the.Orlando area is characterized as humid and 
semitropical. According to the U.S. Department of Commerce (U.S. Department of 
Commerce, 1994), the average annual temperature is approximately 71.5 degrees 
Fahrenheit ("F). The range in daily average temperatures varies from approxi- 
mately 50°F in January to 80°F in July. The prevailing winds blow from the west 
and south. The average annual rainfall in Orange County is 51.4 inches. Most 
of the rainfall occurs during afternoon thundershowers during the period from 
June through September. During the summer months, thunderstorms occur at a 
frequency of every other day and may yield several inches of rainfall, Rainfall 
amounts from thunderstorms vary widely. Winters typically are mild and dry. 
Potential evaporation for the area is estimated at a maximum value of 46 inches 
per year based on meteorological factors such as solar radiation, wind movement, 
air temperature, and humidity. 

The Orlando area is subject to tropical storms and tornadoes. Tropical storms 
are likely to occur from June through November. Tornadic activity (tornadoes and 
hurricanes) occurs on a relatively limited basis and is associated with both 
thunderstorms and tropical storms, The greatest impact from tropical storms is 
from prolonged rains and high tides, which cause flooding. Tropical storms that 
produce such flooding are considered equivalent to storm events of lOlO-year 
frequency. 
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3.3 SURFACE WATER HYDROLOGY. Surface drainage is poorly developed across most 
of the undeveloped areas of central Florida, but generally flows toward the south f-ha 
and east. Surface water runoff from the Main Base flows through the storm 
drainage system and small intermittent streams to Lake Susannah and Lake Baldwin, 
and eventually to the Little Econlockhatchee R:iver, located approximately 4 miles 
to the east (Figure 3-3). The Little Econlockhatchee River flows northeastward 
and eventually drains into the St. Johns River. All surface waters in the 
vicinity of NTC, Orlando are classified by the State of Florida as Class III 
waters suitable for fish and wildlife propagation and water contact sports 
(Department of Navy, 1992). 

3.3.1 Study Area 8 Surface water flow paths at SA 8 are influenced by 
topography and cultural features. Surface water flow is generally northwest to 
Lake Baldwin from higher elevations to the southeast. Low areas to the north and 
south of the fenced compound where water ponds after rain events would indicate 
that at least some of the upgradient flow is diverted around SA'8. 

Much of the ground surface in the groundskeeper's compound is impermeable, either 
due to a building or pavement. Surface waterflow originating inside the fenced 
compound is directed into poorly-defined ditches and swales that run between 
buildings on the western side of the site.. The most well-defined drainage path 
is a ditch on the south side of the quonset"hut (Building 12, shown on Figure 
3-l), which receives most of the runoff and wash water. 

Once the surface water leaves the Groundskeeper's Storage Area, topographically 
higher areas to the north and south of the SA funnel surface flow to the west to 
Lake Baldwin. These areas are indicated by changes in soil type and vegetation. 
Water in the ditch on the side of the quonset hut flows into a low depression 

F-3 

where water frequently ponds. Ahigh shoreline area (approximately 93 feet above 
msl) (Figure 3-l) in the general vicinity of OLD-08-14 (Figure 2-3) further 
divides surface water flow to the lake. 

3.3.2 Study Area 9 Surface water runoff from SA 9 is controlled by a network 
of drainage ditches that border'the south, east, and part of the west sides of 
the site. Lake Baldwin borders the site to the north. An asphalt road (Trident 
Lane) bisects the SA into northern and southern halves. A series of drainage 
ditches to the south of the site capture surface water runoff from areas to the 
south. The surface water is diverted to the drainage ditch on the eastern border 
of the site, which flows north to Lake Baldwin. The majority of surface water 
runoff from the SA south of the road flows into the drainage ditches. North of 
the road, runoff from the eastern part of the site flows into the ditch on the 
eastern border. As this ditch approaches Lake Baldwin the channel becomes less 
well defined, due to accumulated debris and foliage. The remainder of the site, 
which includes much of the wooded area, does not have a defined drainage path to 
Lake Baldwin. 

3.3.3 Lake Baldwin As with most of the surface water bodies in central Florida, 
the majority of the subcircular lakes in the vicinity of NTC, Orlando are a 
result of sinkhole -activity. These lakes develop when dissolution of the 
underlying limestone creates cavities, which upon collapse allow unconsolidated 
Hawthorn Group and surficial sediments to slump downward. The resulting 
depression in the land surface may intercept groundwater and create a sinkhole 
lake. The size of a lake, as well as the recharge source depends on the degree 
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of dissolution (i.e., area and depth). Shallow sinkhole lakes generally 
intercept shallower aquifers, although deeper aquifers may be tapped where f-x. 

stratigraphy has been structurally altered. Lake Baldwin, located directly 
downgradient of OU 3, is likely a sinkhole lake. Fluctuations in shallow 
groundwater levels observed in wells installed along the shoreline of Lake 
Baldwin reflect fluctuations in local rainfall. Observed changes in the level 
of Lake Baldwin have been similar to shallow groundwater level fluctuations, 
suggesting that the water level in Lake Baldwin is primarily influenced by 
surface recharge. It is not known what hydraulic connection, if any, exists 
between the Floridan Aquifer and Lake Baldwin. 

3.4 SURFACE SOIL. The native soil at the Main Base is composed predominantly 
of sand-sized particles, which were deposited as marine terraces (Lichtler et 
al., 1968). According to the U.S. Soil Conservation Service (U.S. Department of 
Agriculture, 1989), the surface soil can be divided into four distinct units: 

. Smyrna fine sand 

. Pomello fine sand 

. Zolfo Fine Sand 

. St. Lucie fine sand 

The lateral limits of each of these units are provided on Figure 3-4. 

The Smyrna fine sand is native to the broad flatwoods that occupy the central 
part of the state. This soil is nearly level and drains poorly. 

m 
The Pomello fine sand is more typical of low ridges and knolls on the flatwoods. 
This soil is nearly level to gently sloping and moderately well drained. 

The other two units are not present at OU 3. The majority of the naturally 
occurring surface soil at OU 3 is the Smyrna soil series. The Pomello fine sand 
occurs in a limited area along the eastern boundary of the SA. 

3.5 GEOLOGY. 

3.5.1 Repional The upper 2,000 feet or so of the subsurface in central Florida 
is divided into three separate lithologic units: 

. The surficial deposits are a thin (generally less than 100 feet) 
sequence of undifferentiated terrace deposits of Recent and Pleistocene 
age. 

. The.underlying Hawthorn Group is a thin (generally less than 100 feet) 
sequence of mixed unconsolidated elastic material and carbonates of 
Miocene age. 

. The Hawthorn overlies a thick (more than 1,200 feet) sequence of 
Eocene-age marine carbonates (Figures 3-5 and 3-6). The carbonate 
sequence is divided into three units: the Ocala Group, the Avon Park 
Limestone, and the Lake City Limestone (Figure 3-7). The major re- 
gional characteristics of these units are addressed in detail below. /li 
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3.5.1.1 Surficial Deposits 
'j ,p ‘:‘L*& ; p .+ra _, 
The surficial deposits form the uppermost 

stratigraphic unit in the SA. Sediments of this unit were deposited along 
Pleistocene and Recent marine terraces. According to Lichtler (et al., 1968), 
these sediments consist predominantly of quartz sandwithvarying amounts. of silt 
and clay-sized grains, and shell fragments, The lithology of these deposits 
varies laterally and vertically in most areas. Red iron oxide-cemented fine sand 
sediment, referred to locally as "hardpan," is common in the upper reaches of the 
surficial deposits. The sediments range from 50 to 100 feet thick over most of 
the region. The thickest accumulation of sediments exists along the ridge of the 
Florida peninsula and thins toward the coast. 

3.5.1.2 Hawthorn Group The Hawthorn Group is typically described as a gray- 
green calcareous, phosphatic sandy clay, and clayey sand interbedded with thin 
discontinuous lenses of phosphatic sand, phosphatic sandy limestone, limestone, 
and dolostones. The limestone and dolostone lenses are thicker and more 
prevalent near the base of the Hawthorn. Phosphate is present throughout the 
sediment of the Hawthorn Group. The most common carbonate components of the 
Hawthorn Group are dolomite and dolosilt. Clay minerals associated with the 
Hawthorn Group sediments include smectite, illite, palygorskite, and kaolinite 
(Scott, 1988). 

. 

The Hawthorn Group has avariable thickness due to both its erosional surface and 
the erosional surface of the underlying Ocala Group. The unit is absent in most 
of Volusia County due to erosion. The Hawthorn Group ranges in thickness from 
a feather edge along the structural highs (it dips away from the Ocala Uplift and 
Sanford High) to 900 feet in the Okeechobee Basin in southern Florida. In 
central and southern Florida, the unit thickens progressively southward. In 
Orange County, the Hawthorn Group averages approximately 50 to 100 :feet in 
thickness. North of Orange County, the Hawthorn thickens toward the Jacksonville 
Basin in northeast Florida, reaching 500 feet. 

3.5.1.3 Marine Carbonate Sequence The marine carbonate sequence consists of 
three units: the Ocala Group, the Avon Park Limestone, and the Lake City 
Limestone. 

The Ocala Group consists of cream to tan, fine- to medium-grained, soft to hard, 
limestone, which is locally dolomitic. This unit varies in thickness from 0 feet 
(not present) to 125 feet. The Ocala Group is further divided into the Crystal 
River Formation, the Williston Formation, and the Inglis Formation. The Crystal 
River Formation is a white to cream', chalky, massive fossiliferous limestone and 
is the shallowest Eocene formation underlying the area. The Williston Formation, 
which lies conformably between the overlying Crystal River Formation and the 
underlying Tnglis Formation, is a tan to buff, granular limestone. The Inglis 
Formation, of early late Eocene age, is lithologically a tan to buff, calcitic 
limestone that is very similar to the Williston Formation (Lichtler et al., 
1968). 

The Avon Park Limestone, of late middle Eocene age, unconformably underlies the 
Ocala Group, and is composed of an upper section of cream to tan, granular 
limestone with abundant cone-shaped foraminifera and a lower section of mostly 
dense, hard, brown, crystalline dolomite. In total, this unit ranges from 400 
to 600 feet in thickness. 
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The Lake City Limestone unconformably underlies the Avon Park Limestone and is 
early middle Eocene in age. It consists of alternating layers of dark brown 
crystalline dolomite and chalky, fossiliferous limestone. The total thickness 
of this unit exceeds 700 feet. 

Below the Lake City Limestone is the Oldsmar Limestone of early Eocene age. It 
consists of a cream to brown, soft, granular limestone and cherty, glauconitic, 
massive to finely crystalline dolomite. 

3.5.2 Local The subsurface exploration activities performed during field 
investigations at OU 3 were limited to the undifferentiated surface deposits. 
Descriptions are based onlithologic samples collected during site screening from 
four boring locations at SA 8 and one boring location at SA 9. Each location was 
continuously sampled from ground surface to a depth of approximately 14 feet. 

Based on data collected from SA 8, the undifferentiated surficial deposits can 
be generally divided into separate units with similar textural characteristics, 
but different colors. The first unit is a light gray to brown silty fine sand. 
This unit was encountered from land surface to approximately 4 feet bls. The 
second unit, from 4 to 6 feet bls, is a light gray fine sand very similar in 
texture to the upper 4 feet bls. The third unit is dark brown to black silty 
fine sand with slight plasticity that is encountered from approximately 6 to 13 
feet bls. The fourth unit is a tan silty fine sand of unknown thickness. These 
soil units are consistent with the descriptions of the Smyrna fine sand soil 
series. 

The lithology at SA 9 differs from. that at SA 8 in that the third unit was not 
encountered until 8 feet bls, and the fourth unit was not observed in the soil 

F---h 

boring (i.e., deeper than 14 ft bls). In addition, a layer of coarse gravel was 
encountered at a depth of 8 inches bls in borings completed adjacent to and north 
of Trident Lane. This gravel layer is interpreted as the former surface of a 
parking area associated with former Building 2132. 

3.6 HYDROGEOLOGY. 

3.6.1 Regional According to reviewed literature, three distinct aquifer systems 
corresponding to the three major stratigraphic divisions are found in this area 
of central Florida: the surficial aquifer, an intermediate Hawthorn aquifer, and 
the Floridan aquifer system. The surficial, or shallow, aquifer is anunconfined 
porous flow system within the unconsolidated surficial deposits. The intermedi- 
ate aquifer occurs where the elastic deposits of the Hawthorn Group are 
sufficiently permeable for groundwater flow. The bedding planes, cracks, and 
fissures within the Eocene carbonate sequence provide space for the groundwater 
of the Floridan aquifer system (Figure 3-7). Each aquifer is summarized below. 

3.6.1.1 Surficial Aquifer The surficial aquifer exists throughout central 
Florida. Except for isolated areas where impermeable units may impede flow, the 
surficial aquifer is an unconfined water table system. Its boundaries generally 
correspond to those of the undifferentiated.surficial deposits. The potentio- 
metric surface of the surficial aquifer corresponds generally to the water table 
surface and ranges in depth from 5 to 15 feet bls. The water table is deepest 
(greater than 20 feet, on average) along the central Florida ridge (west of J---l 

Orange County) and is shallowest near the coast. The water table surface 

NTC-RlFS.OU3 
PMw.05.99 3-12 



fluctuates with seasonal variation in rainfall and proximity to recharge and 
discharge areas. Seasonal fluctuations range from a few feet in eastern Orange 
County, where the topography is predominantly flat, to approximately 15 feet in 
the highland areas (Lichtler et al., 1968) on the west side of the county. 

. 
. . 

Topography is the predominant factor controlling the direction and velocity of 
the groundwater movement in the surficial aquifer. The general flow pattern in 
central Florida is eastward from the western highlands to the lower areas in the 
St. Johns River valley. The surficial aquifer is recharged primarily by local 
precipitation, with a limited exchange with the underlying intermediate and 
Floridan aquifers. Discharge of the surficial aquifer occurs by evapotrans- 
piration, seepage into surface water bodies, and downward leakage into the 
underlying intermediate aquifer within the Hawthorn Group. Groundwater from the 
surficial aquifer is of marginal quality and is used primarily for irrigation 
purposes, not as a potable supply.' 

3.6.1.2 Intermediate Hawthorn Aquifer Groundwate-r within the intermediate 
aquifer is contained within the elastic lenses and limestones of the Hawthorn 
Group. Limestone layers in the upper part of the Hawthorn are typically the most 
productive. These coarser grained horizons are not continuous over the extent 
of the aquifer and are not extensively utilized. This aquifer is recharged from 
both the overlying surficial aquifer and underlying Floridan aquifer. 

The Hawthorn Group generally acts as a confining bed to the Floridan aquifer and 
restricts the downward migration of water from the surficial aquifer. 

3.6.1.3 ,Floridan Aquifer System The Floridan aquifer system is the principal 
,source of fresh water in central Florida. The groundwater is contained within 
the sequence of Eocene carbonates (the Ocala Group, the Avon Park Limestone, and 
the Lake City Limestone) and is capable of storing large amounts of groundwater. 
Transmissivities greater than160,OOO gallons per day per foot have been reported 
(Lichtler et al., 1968). The two major water-producing zones in the Floridan 
aquifer in this region lie within the Avon Park Limestone and Lake City 
Limestone. The Avon Park Limestone lies anywhere from 150 feet to 600 feet bls, 
and the Lake City Limestone lies approximately 1,100 to 1,500 feet bls. The 
lower unit is the primary water supply source for the city of Orlando. The 
average concentration of total dissolved solids in samples collected from 
Floridan wells in the area is approximately 400 milligrams per liter (mg/R). 

The Eocene carbonate sequence is folded, and the units dip in a southerly 
direction throughout central Florida. Lateral groundwater flow within the 
Floridan aquifer generally conforms to the configuration of the producing zones 
and moves in the down-dip direction. Lateral flow is locally altered in areas 
where large amounts of water are pumped. The potentiometric surface of the 
Floridan aquifer exists at elevations ranging from 40 to 60 feet above msl in the 
Orlando area, resulting in a net downward hydraulic gradient between the Floridan 
and surficial aquifers, and a net upward gradient between the Floridan and 
intermediate aquifers. Recharge to the Floridan aquifer is by direct rainfall 
in those areas of north Florida where the limestones of the aquifer outcrop at 
the land surface. Discharge occurs by pumpage from supply wells and leakage to 
the overlying intermediate aquifer. 
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3.6.2 Site-Specific The hydrogeology at OU 3 was evaluated through preparation 
of potentiometric surface maps and permeability testing (Figures 3-8 and 3-9). - 

These data were evaluated for the shallow zone of the surficial aquifer. 

3.6.2.1 Water Table Surface Mapping In order to determine the direction of 
groundwater flow in the shallow surficial aquifer at OU 3, static water-level 
data measurements were made in monitoring wells (microwells, well points, and 
conventional monitoring wells) across the area. These data were used to map the 
water table. Locally, the water table surface mimics the topography of the area 
with the groundwater flow from the areas of highest elevation toward Lake Baldwin 
(a sinkhole lake). Regionally, sinkhole lakes represent natural depressions in 
the potentiometric surface, and groundwater flows toward them in a radial fashion 
(Lichtler et al., 1968). 

Data were collected from the monitoring wells between November 1997 and May 1998 
(Tables 3-l and 3-2). Fluctuations in the water levels reflect influences from 
rainfall amounts. The spatial variation and seasonal fluctuation in water level 
is reflected in the hydraulic gradient at both sites. Data collected in November 
1997 indicate a groundwater hydraulic gradient of approximately 1~10~~ feet per 
foot (ft/ft) at both sites with flow generally toward Lake Baldwin. Data 
collected in May 1998 indicate a decreased gradient of approximately 5~10~~ 
ft/ft, but little change in flow direction. The reduced gradient may be due to 
the greater decrease in water-level elevation over time in wells further from 
Lake Baldwin. 

3.6.2.2 Aquifer Characterization Results Rising-head (slug-out) tests were 
performed at selected monitoring wells at each SA. The rising-head test results f--l 
(Table 3-2) are discussed below. The hydraulic conductivity value for the wells 
at SA 8 averaged 2.74 feet per day (ft/day). Hydraulic conductivity values were 
more variable at SA 9, averaging 2.09x10 -I ft/day in OLD-09-02 and 6.8~10~~ ft/day 
in OLD-09-04. 

The hydraulic conductivity values can be used in conjunction with the horizontal 
hydraulic gradient to estimate the groundwater-flow velocity in an aquifer. The 
flow-rate calculations are based on the following equation (Bouwer and Rice, 
1976): 

v= ki -, 
P 

(1) 

where: V = groundwater-flow velocity (ft/day), 
k = hydraulic conductivity (ft/day), 
i = horizontal hydraulic gradient (ft/ft), and 
P = porosity (unitless), assuming .35 for silty sand aquifers 
(Fetter, 1980). 

Using this formula, the groundwater-flow velocity in the surficial aquifer at 
SA 8 ranged from 3.9x10-' to 7.8~10-~ ft/day, as the horizontal hydraulic gradient 
varied over time. The average groundwater velocity for the surficial,aquifer at 
SA 8 is 5.8~10~~ ft/day. Since the hydraulic conductivity is more variable at 
SA 9, groundwater-flow velocities are more variable than those at SA 8. f----x. 
Calculated velocities range from a low of 9.71x1O-4 ft/day in OLD-09-04 at low 
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Table 3-1 
Water-Level Elevations Summary 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Canter 
Orlando, Florida 

Surveyed Position (Top of Casing) Depth to Water Water-Level Elevation Depth to Water Water-Level 
Well ID 

Northing (feet) 
(feet below TOC) (msl) 

Easting (feet) Elevation (feet) 
(feet below TOC) Elevation (msl) 

November 1997 November 1997 May 1998 May 1998 

OLD-08-01 1,540,021.11 554,341.93 94.98 1.74 93.22 2.65 92.31 

OLD-0602 1,640,039.59 554297.14 94.77 1.85 92.92 2.74 92.03 

OLD-o&03 1,540,097.87 554,322.29 94.31 1.81 92.70 2.65 91.66 

OLD-08-04 1,540,061.70 554,337.67 94.62 1.58 93.04 2.45 92.17 

OLD-0865 1,540,136.86 554,349.61 93.64 0.80 92.84 1.55 92.09 

OLD-08~06 1,540,067.94 554,391.43 95.06 1.56 93.50 2.46 92.60 

b~~g8-07 1,539,996.34 554J89.53 95.40 * 1.73 93.67 2.67 ’ 92.73 

OLD-08-08 1,539,959.47 554,324.39 95.22 1.73 93.49 2.64 92.58 

OLD-08-09 1,539,965.99 554,207.48 93.53 1.75 91.78 2.37 91.16 

OLD-O8-10 1,540,024.40 554,221.67 93.07 1.28 91.79 1.84 91.23 

OLD-O8-11 1,540,106.18 554,281.71 93.00 0.99 92.01 1.80 91.20 

OLD-O&12 1,540,045.85 564,287.03 94.50 not installed not installed -’ -1 

OLD-O8-13 1,540,049.19 554,194.55 95.98 not installed not installed 4.84 91.14 

OLD-08-14 1,540,096.87 554,203.83 97.12 not installed not installed 6.03 91.09 

OLD-O8-15 1,540,153.55 554,252.41 96.41 not installed not installed 5.44 90.97 

OLD-OS16 1,539,979.03 554,490.99 96.34 not installed not installed 3.42 92.92 

OLD-O8-17 1,539,911.32 554,397.31 94.92 not installed not installed 2.40 92.52 

OLD-0618 1,540,127.10 554228.29 95.32 not installed not installed 4.33 90.99 

See notes at end of table. 



Table 3-1 (Continued) 
Water-Level Elevations Summary 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Surveyed Position (Top of Casing) Depth to Water Water-Level Elevation Depth to Water 
Well ID (feet below TOC) (feet) (feet below TOC) 

Northing (feet) Easting (feet) Elevation (feet) November 1997 November 1997 May 1998 

OLD-09-01 1,539,391.90 553,787.26 94.66 2.26 92.40 3.18 

OLD-09~02 1,539,271.28 553,819.83 97.72 4.69 93.03 5.68 

OLD-09-03 1,539,333.32 553,746.31 97.81 5.62 92.19 6.35 

OLD-09-04 1,539,361.43 553,843.75 97.18 4.89 92.29 5.63 

OLD-09-05 1,539,417.64 553,802.37 95.16 1.84 93.32 2.72 

OLD-0996 1,539,407.13 553,852.32 93.87 1.53 92.34 2.31 

OLD-09-07 1,539,278.62 553,877.06 95.69 2.63 93.06 4.46 

OLD-09-08 1,539,260.00 553,777.71 95.59 2.31 93.28 3.31 

OLD-09-09 1,539,324.39 553,710.74 95.17 2.17 93.00 3.05 

OLD-09-1 0 1,539,384.37 553,725.92 94.63 1.96 92.67 2.86 

OLD-09-l 1 1,539,363.30 553,812.12 95.05 2.28 92.77 3.12 

OLD-O9-12 1,539,331.72 553634.31 95.21 2.70 92.51 3.17 

OLD-O9-13 1,539,368.93 .553,841.02 94.91 2.98 91.93 2.58 

OLD-09-l 4 1539449.49 553686.14 97.11 not installed not installed 5.78 

OLD-09-l 5 1,539,487.47 553,732.92 96.62 not installed not installed 5.34 

OLD-09-16 1539,521 .Ol 553,768.87 96.61 not installed not installed 5.35 

OLD-09-17 1,639,359.09 553,896.71 95.00 not installed not installed 3.79 

OLD-09-1 8 1,539,392.87 553,790.73 94.74 not installed not installed 3.44 

’ Water level could not be measured, When dedicated tubing was removed from the well, the water level receded and did not equilibrate. 

Notes: ID = identification. msl = mean sea level. 
TOC = top of casing. 
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Table 3-2 
Hydraulic Conductivity Values from Permeability Test Results 

Well ID 

OLD-08-02 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
‘Orjando, Florida, ,...^, * 8 

Hydraulic Conductivity (K) @t/day) 

Rising-Head (slug-out) Rising-Head (slug-out) Average 
Permeability Test 1 Permeability Test 2 of Both Tests 

3.02 2.45 2.74 x 10’ 

OLD-08-03 2.59 2.88 2.74 x 10’ 

OLD-O%02 2.46 x 10-l 1.73 x 10-l 2.09 x 10-l 

OLD-09-04 7.5 x 10-Z 6.2 x lo” 6.8 x lo‘* 

Note: ft/day = feet per day. 

hydraulic gradient conditions (5~10~~ ft/ft) to a high of 5.97~10~~ ft/day in OLD- 
09-02 at high hydraulic gradient conditions (1x10-' ft/ft). The higher 
calculated groundwater velocity at SA 8 is due to higher hydraulic conductivity 
in this area, since the hydraulic gradient is roughly the same at both SAs. The 
permeability test plots and calculations are provided in Appendix B. 

3.7 DEMOGRAPHY AND LAND USE. The Main Base occupies approximately 1,095 acres 
within the Orlando city limits and is composedmainly of operational and training 
facilities. These facilities are used for training new and recently gr<aduated 
recruits, as well as enlisted and officer personnel, in the nuclear engineering 
program. Land use at the Main' Base is dominated by barracks, training 
facilities, administrative buildings, drill fields, and recreational areas. The 
population near the Main Base is transitional because of the influx of military 
personnel for temporary periods of time (1 to 3 years), and the Main 13ase is 
currently in the process of closing and transferring land to the City of Orlando. 

As of March 1998, there were approximately 3,860 enlisted personnel on site at 
the Main Base. This number is constantly decreasing as areas of the base are 
closed. The main training facilities are scheduled to close December 1998. 
There are two lakes within the Main Base property (Lakes Baldwin and Susannah) 
and four lakes (Spier, Forest, Shannon, and Gear) located in the residential 
areas adjacent to the facility (Figure l-2). 

Both SAs 8 and 9 are within the Main Base and are adjacent to Lake Baldwin, a 
golf course, and on-base officer's housing. The Greenskeeper's Storage Area 
(SA 8) occupies approximately 0.33 acres, and the Former Pesticide Handling and 
Storage Area (SA 9) occupies approximately 0.42 acres. The golf course closed 
as of June 1998, so these areas are no longer in official use. The buildings in 
the Greenskeeper Storage Area are within fencing that restricts access to the 
area. The rest of the land within the SAs are open to recreational users. 

3.8 ECOLOGICAL SETTING. The ecological setting of OU 3 was characterized based 
on information gathered from historical information and field investigations 
summarized in the RI/FS Workplan, OU 3 (ABB-ES, 1997b) and an ecological survey 
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conducted by HLA ecologists from October 13 through 16, 1997. The methods used 
to conduct the ecological survey are described.in,.SSubsection 2.6.4. - 

L - 

The ecological setting is divided into three subsections: terrestrialandwetland 
habitats and receptors are characterized in Subsection 3.8.1, aquatic habitat and 
receptors are discussed in Subsection 3.8.2, and Subsection 3.8.3 provides a 
summary of rare, endangered, and threatened species that may potentially be found 
at OU 3. 

3.8.1 Terrestrial and Wetland Habitats and Receptors Terrestrial and wetland 
habitats and receptors are discussed"s'~~~~~~eljr-for SA& 8 and 9 in Paragraphs 
3.8.1.1 and 3.8.1.2, respectively. A complete list of all vegetative species 
observed at OU 3 during the ecological survey is provided in Appendix F. 

3.8.1.1 Study Area 8 The locations of upland and wetland habitats at SA 8 are 
shown on Figure 3-10. As shown on Figure 3-10, the fenced area of SA,8 primarily 
consists of storage buildings/sheds, asphalt, and maintained grass. A thin 
border of Brazilian pepper trees (Schinus terebinthifolius) and cabbage palm 
(Sabal palmetto) located along the eastern edge of SA 8 separates the 
Greenskeeper's Storage Area from the golf course. The vegetative community at 
SA provides limited habitat for terrestrial receptors due to the presence of 
storage structures, asphalt, and the surrounding chain-linked fence. However, 
the forested area located to the west of SA 8 contains vegetative communities 
that are likely to support an abundance of wildlife. 

Disturbed upland vegetative communities are located east of the covered concrete 
slab with metal roof and south of the second fenced area. Dominant flora 
observed in these areas include the Brazilian pepper tree, elderberry (Sambucus 

$ 'l% 

simpsonii), and ludwigia (Ludwigia leptocaria). 

The dominant vegetative community adjacent to SA 8 is the forested wetland area 
located west of SA 8 and east of Lake Baldwin. This wetland area, which was 
delineated by a representative from the FDEP on "October 6, 1997, is best 
characterized as a palustrine broad-leaved evergreen wetland forest. The 
palustrine system was developed by Cowardin and others (1979) to classify the 
vegetated freshwater wetlands traditionally called marshes, swamps, and bogs. 

The forested wetland is further characterized as broad-leaved evergreen based on 
dominant plant species including redbay (Persea borbonia), swamp redbay (Persea 
palustris), and bayberry (Myrica cerifera). Other dominant species include 
elderberry and pond pine (Pinus serotina) in the canopy, and ludwigia and wild 
toro (Colocasia escoleuta), and several species of ferns (Osmunda sp.) in the 
understory. No emergent or aquatic bed vegetative communities were observed in 
Lake Baldwin adjacent to the forested wetland area. 

Potential ecological receptors at SA 8 and the adjacent disturbed upland 
community and wetland forest include terrestrial and semiaquatic mammalian and 
avian wildlife, plants, and invertebrates. Typical wildlife at SA 8 may include 
lower trophic level organisms (i.e., insects, skinks, frogs, squirrels, and 
woodpeckers) and higher trophic level predators such as the barred owl (Strix 
varia), hawks (Butio sp.), raccoon (Procyon lotor), and red fox (Vulpes fulva). 
Ablack racer snake (Coluber constrictor) and numerous skinks (Eumeces sp.) were 
observed in the disturbed upland vegetative communities adjacent to SA 8 during T---x 

the ecological survey. In addition, an osprey (Pandion haliaetus) nest is 
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located adjacent to Lake Baldwin, approximately halfway between SA 8 and SA 9. 
Other wildlife that may exist at SA 8 include the eastern cottontail rabbit 
(Sylvilagus floridanus), hispid cotton rat (Sigmodon hispidis), cotton mouse 
(Peromyscus gossypinus), mourning dove (Zenaida macroura), brown-headed cowbird 
(Molothrus ater), brown thrasher (Toxostoma rufum), bobwhite quail (Colinus 
virginianus), mockingbird (Mimus polyglottos), common grackle (Quiscalus 
quiscula), killdeer (Charadrius vociferus), northern cardinal (Cardinalis 
cardinalis), blue jay (Cyanocitta cristata), rufous-sided towhee (Pipilo 
erythrophthalmus), common flicker (Colaptes auratus), and red-belliedwoodpecker 
(Melanerpes carolinus). 

3.8.1.2 Study Area 9 The locations of upland and wetland habitats at SA 9 are 
shown on Figure 3-11. As shown on Figure 3-11, SA 9 consists of a maintained 
grass field with drainage swales bordering the south and east sides. The 
maintained grassy area at SA 9 is expected to provide limited habitat for 
ecological receptors other than small mammals and birds. The area north of 
Trident Lane also contains a large area of maintained grass with scattered long- 
leaf pine (Pinus palustris), cabbage palmetto, and Brazilian pepper trees. 

A palustrine wetland forest is loca~ted, north of SA, 9,,and southeast of Lake 
Baldwin. This wetland area, which was delineate-d by a representative from FDEP 
on October 6, 1997, is best characterized as a palustrine broad-leaved deciduous 
wetland forest. The forested wetland is classified as broad-leaved deciduous 
based on dominance by deciduous red maple trees (Acer rubrum). The evergreen 
bays, which are common to SA 8, are not as prevalent in the wetland forest 
associatedwith SA 9. Other dominant species include black willow (Salix nigra), 
elderberry, and pond pine in the canopy and ludwigia and wild toro in the 
understory. No emergent or aquatic bed vegetative communities were observed in 
Lake Baldwin adjacent to the forested wetland area. 

"---- * 

Potential ecological receptors at SA 9 and the wetland forest include terrestrial 
and semiaquatic mammalian and avianwildlife, plants, and invertebrates. Typical 
wildlife at SA 9 are expected to be similar to those species identified for SA 8. 
During the ecological survey, a flock of white ibis (Eudocimus albus) was 
observed foraging in the excavated area of the maintained grassy field. As 
previously mentioned, an osprey nest is located adjacent to Lake Baldwin, 
approximately halfway between SA 8 and SA 9. 

3.8.2 Aquatic Habitat and Receptors Aquatic habitat in the vicinity of OU 3 is 
located in Lake Baldwin, which is approximately 80 and 100 feet east of the 
downgradient borders of SAs 8 and 9, respectively. Lake Baldwin is 196 acres in 
size and is used for recreation and,.training by military personnel in addition 
to public recreation. The lake is clas~%%i by the State of Florida as Class 
III waters, suitable for fish and wildlife propagation. 

Lake Baldwin receives runoff water from administrative areas and the golf course. 
The runoff contains nutrients from fertilization that stimulate growth of water ._. 
and bank weeds, such as Florida elodea (Hy&illa verticillata), an invasive, 
rapidly growing type of submerged aquatic vegetation. In the past, these water 
weeds have restricted ,fishing, water skiing, boating, swimming, and other 
recreational and training uses of the lake. As a result, the base has been the 
site of an intensive study by the State of Florida using grass carp (Ctenophoryn- 
godon idella) to control aquatic vegetation (SOUTHNAVFACENGCOM, 1985). Lake 
Baldwin was the primary site of the study and was originally stocked with grass 
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carp by the State of Florida in 1975. , The study has shown that grass carp 
provide an effective means ofbiocontrol for,aquatic vegetation provided the lake f-c-3$ 
is kept stocked with these fish (Shireman and others, 1984). 

Lake Baldwin provides habitat for a number of freshwater fish species including 
smallmouth bass, bluegill sunfish, redear sunfish, golden shiner, yellow 
bullheads, and killifish, as well as aquatic invertebrates (C.C. Johnson, 1985). 
Amphibians that may live in the vicinity of Lake Baldwin include frogs and toads, 
and possibly some salamanders. Although none were observed during the ecological 
survey, the Florida cottonmouth (A. pisciverous conanti), a venomous aquatic 
snake inhabiting lakes, rivers, swamps, and ditches, could also exist in small 
intermittent drainage swales that exist near OU 3. Turtles and other aquatic and 
semiaquatic reptiles may also exist in Lake Baldwin. 

The drainage ditches bordering the south and east sides of SA 9 are not expected 
to provide habitat to aquatic receptors because they are dry during most of the 
year and only contain water during heavy rainstorms. 

3.8.3 Rare, EndanEered, and Threatened Species The Endangered Species Act of 
1973 (Public Lath 93rOid5j, ‘as‘~'~~ende~;,"'~~ovid~s that all-Federal agencies carry 
out programs for the conservation of,listed ejndangered and threatened species. 
Federal agencies must ensure thatactions‘authorized,-funded, or carried out by 
them will not jeopardize the continued existence of any endangered or threatened 
species or result in the destruction or adverse modification of critical habitats 
as determined by the Secretary of the Interior. 

A species is defined as endangered when its prospects of survival and repro- 
duction are in immediate jeopardy. A species is defined as threatened or rare 
when, although not immediately facing extinction, it occurs in such small numbers 
throughout its range that it may become endangered if its present environmental 
conditions deteriorate. 

Federal and state listed threatened, endangered, and candidate species that occur 
or potentially occur at NTC, Orlando are listed in Table 3-3. In addition, 
cooperating biologists from the State of Florida and U.S. Department of Interior 
have surveyed the NTC, Orlando Complex and have reported that a number of both 
state- and federally-listed species are either resident or transients, and must 
be specifically protected (SOUTHNAVFACENGCOM, 1987). These species are described 
in further detail below. 

The gopher tortoise (Gopherus polyphemus) is listed as a "species of special 
concern" by the State of Florida (ABB-ES, 1994) and has been identified as a 
"candidate species for special listing" by the USFWS. Studies and visual 
observations of new burrows by base personnel support the supposition that the 
gopher tortoise is a confirmed resident. This species typically resides on the 
southern end of McCoy Annex and Herndon Annex (ABB-ES, 1994). Gopher tortoise 
burrows have also been observed at the golf course on the Main Base. The indigo 
snake (Drymarchon corais), listed as "threatenedj',_by the USFWS and by the State 
of Florida, typically co-winters with the gopher tortoise. In a 1992 study, no 
indigo snakes were found at NTC, Orlando (SOUTHNAVFACENGCOM, 1992). 

The American alligator (Alligator mississippiensis), listed as a "species of 
special concern" in ,,the, State. pf, Florida and "threatened due to similar 
appearances" by the USFWS, is a confirmed resident. The species typically 
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Table 3-3 
Federal and State Listed Threatened, Endangered and Candidate Species That Occur 

or Potentially Occur on the Naval Training Center, Orlando, Florida 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

- 
Species Residence Statues? 

Common Name I Scientific Name Status’ USFWS FNAI 

Reptiles and Amphibians 

Sand Skink Neoseps reynoidsi PR T T 
Eastern Indigo Snake Drymarchon corais couperi PR T T 

Florida Scrub Lizard Sceioporus woodi PR c2 N 
Short-Tailed Snake Stilosoma extenuetum PR c2 T 

Gopher Tortoise Gopherus poiuphemus CR c2 SC 
American Alligator Aliiga for mississippiensis CR T/SA SC 
Birds 

Florida Scrub Jay Aphelocoma coerulescens UR T T 

Limpkin Aramus quarauna PM SL 

Florida Sandhill Grus canadinsis pratensis LM T 

Audubon’s Crested Caracara Polyborus plancus audubonii PM T T 

Wood Stork Mycteria americana LM E E 

Red-Cockaded Woodpecker Picoides borealis UR E E 

Everglade Snail Kite Rostrhamus sociabilis plumbeus UM E E 

Bald Eagle Haliaeetus ieucocephaius LM E T 

Peregrine Falcon Faico peregrinus LM E E 

Southeastern American Kestrel Falco sparverius . UR T 

Mammals 

Florida Black Bear Ursus americanus floridanus UM c2 T 

Florida Mouse Podomys floridanus UR c2 T 

Sherman’s Fox Squirrel Sciurus niger shermani PR c2 SL 
Invertebrates 

Wekiwa Spring Aphaostracon Aphaostracon mon8s UR c2 - 

Wekiwa Spring Snail Cincinnati8 wekiwee UR c2 - 

Palm Springs Cave Crayfish Procambarus acheronitis UR ^ . . .c2 ,_ , - 
See notes at end of table. _.,, _*, .: _:. /, -; r I, 
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Tabie 3-3 (Cdainued) 
Federal and State Listed Threatened, Endangered and Candidate Species That Occur 

or Potentially Occur on the Naval Training Center, Orlando, Florida 

Common Name 

w 

Papery Whitlow-Wart 

Scrub Lupine 

Rugel’s Pawpaw Deeringo thamnus rugeli 

Florida Bonamia Bonamia grandifora 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Rorida 

I 
Species Residence Status’ 

I Scientific Name status’ USFWS FNAI 

. i . “.,Ir,:, 

Paronychia chartacea UR T T 

Lupinus aridorum UR E E 

UR E E 

UR T E 

Curtis& Milkweed 

Beautiful Pawpaw 

Scrub Holly 

Nodding Pinweed 

Fall-Flowering lxia 

Asclepias curt&ii 

Deeringo thamnus pulchellus 

llex opaca var arenicola 

Lechea cernua 

Nemastylis flordana 

UR E 

PR 

UR E E 

UR 3c T 

UR 3c E 

c2 E 

Florida Bear-Grass Nolina atopocarpa UR c2 E 

Britton’s Bear-Grass Nolina brittoniana UR Cl E 

Hand Fern 

Lewton’s Polygala 

Small’s Jointweed 

Scrub Plum 

Ophioglossum plamatum 

Polygala lewtonii 

Polygonella m yrioph ylla 

Prunus geniculata 

UR 3c E 

UR Cl E 

UR Cl N 

UR E E 

Scrub Bay Persea humilis UR 3c N 

Sand Butterfly Pea Centrosema arenicola UR 3c N 

’ Residence Status ‘, 
PR = Possible Resident. PM = Possible Migrant or Occasional Visitor. 
CR = Confirmed Resident. LM = Likely Migrant or Occasional Visitor. 
UR = Unlikely Resident. UM = Unlikely Migrant or Occasional Visitor. 

__ / 
2 status 

T = Threatened. - = not applicable. 
C2 = Candidate Species for Federal Listing, Category 2. SL = State Listed. 
N = not listed. E = Endangered. 
SC = Of Concern, State. 3C = Candidate Species for Federal Listing, Category 3C. 
T/SA = Threatened due to Similarity of Appearance. Cl = Candidate species for Federal Listing, Category 1. 

Notes: USFWS = U.S. Fish and Wildlife Service. 
FNAI = Florida Natural Areas Inventory. 
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resides in wetlands, lakes, and swamps found on the base (ABB-ES, 1994). 
Alligators currently inhabit several of the wetland areas on the base 
(SOUTHNAVFACENGCOM, 1987). 

The Main Base is in the habitat range of the threatened Florida scrub jay 
(Aphelocoma coerulescens), but none have been sighted at the base. McColy Annex 
has the greatest potential for habitat for the jay, but none were sighted in a 
1984 survey (ABB-ES, 1996). It was concluded that, because of dwindling habitat, 
the chances are small that the bird would take up residence. 

3. 

The Main Base is also in the habitat range of the southeastern American kestrel 
(Falco sparverius), which is listed as "threatened" by the State of Florida. In 
a 1987 study, the kestrel was not located at NTC, Orlando and, as a result, is 
not considered a likely or confirmed resident. The Main Base is also in the 
habitat range of the Florida mouse (Podomyus floridanus), which is listed as 
"threatened" by the State of Florida. In a study conducted in 1987, effsorts to 
locate the mouse via trapping failed. As a result, it was determined that the 
Florida mouse is not likely to be a resident of NTC, Orlando (SOUTHNAVFACIENGCOM, 
1987). 

The bald eagle (Haliaeetus leucocephalus) is a confirmedvisitor to Lake Baldwin, 
which is adjacent to OU 3. This species is listed as "endangered" by the USFWS 
and "threatened" by the State of Florida. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

This chapter focuses on the nature and location of contaminants in the soil and 
groundwater at OU 3, and assesses whether or not contamination has migrated from 
the source areas. This discussion uses the information discussed in the earlier 
sections on regional and site-specific conditions and the physical and chemical 
data collected during the field investigations. All analytical data is presented 
in Appendix C. Appendix C-2 includes a complete set of validated analytical 
results for each medium at each SA, and Appendix C-3 includes a summary of 
detected compounds, including a comparison of filtered andunfiltered groundwater 
sample results. Section 4.1 presents an assessment of data quality. 

The nature and extent of detected contaminants at SA 8 and SA 9 are discussed in 
separate subsections below. The discussion of each SA includes a source 
evaluation and a discussion of .analytical results for surface soil and 
groundwater. For each medium, results are discussedby analytical fraction. The 
results of the arsenic speciation analysis for soil and groundwater are presented 
together following the SA discussions. Subsurface soil contamination is 
discussed in Section 4.5. All contaminants detected at OU 3 are evaluated in 
terms of human health and ecological risk in Chapters 6.0 and 7.0, respectively. 

The surface soil analytical results were evaluated by comparing their respective 
concentrations to the following screening criteria: (1) basewide soil background 
levels (for inorganic compounds, only); (2) FDEP's SCGs for residential soil 
(FDEP, 1995; 1996); and (3) USEPA Region III risk-based concentrations (RBCs) for 
residential soil (USEPA, 1998a). Groundwater analytical results were compared 
to the following screening criteria: (1) basewide groundwater background levels 
(for inorganic compounds, only) (ABB-ES, 1995a); (2) FDEP FGGCs (FDEP, 1994); and 
(3) USEPA Region III RBCs for tap water (USEPA, 1998a). Following are the 
significant findings from this evaluation. Analytical results exceeding these 
screening criteria are summarized on Figures 4-l through 4-4. 

These soil and groundwater screening criteria were used in the RI for purposes 
of contaminant evaluation and delineation. Florida's recently developed soil 
cleanup target levels (SCTLs) and groundwater cleanup target levels (GCTLs), 
which were finalized in April 1998 (FDEP, 1998), were used in the HERA (Chapter 
6.0) in place of SCGs and FGGCs as screening criteria for selection of 
contaminants of potential concern '(CPCs) and evaluation of potential risks. 

4.1 DATA QUALITY ASSESSMENT. All of the analytical data obtained from field 
investigations at OU 3 have been combined into a full analytical database, 
following a data quality review by means of full independent data validation for 
most of the soil and groundwater data. Arsenic speciation and iron oxide 
analytical results were informally reviewed in-house for data quality. Data 
quality indicators include the precision, accuracy, representativeness, 
completeness, and comparability (PARCC) of the analytical data on a per medium 
basis. In general, the combined data set complied with PARCC criteria and is 
considered acceptable for use in this RI/FS and to support a potential FS. The 
analytical data, including PARCC Reports, Full Analytical Table Summaries, 
Arsenic Speciation Study Results, and Positive Detection Tables are presented as 
Appendices C-l through C-4, respectively. 
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The PARCC Report, presented as Appendix C-l, summarizes the results of the data 
quality assessment according to the PARCC parameters relative to the project 
specific data quality objectives. The analytical data packages from ColmpuChem 
Laboratory (North Carolina) conform to Contract Laboratory Procedure (CLP) 
Level D method requirements but were validated at Naval Energy and Environmental 
Support Activity (NEESA) Level C requirements by Environmental Data Services (New 
Hampshire). 

Completeness and comparability requirements were acceptable for all sample 
delivery groups according to NEESA requirements. Precision, accuracy and 
representativeness for some sample data groups were also acceptable with certain 
qualifications made in some cases, as detailed in the PARCC report. Most of 
these qualifications were made on the basis of low level contamination found in 
laboratory (method) and field blanks, and primarily affected certain inorganic, 
pesticide, and herbicide data where specific compound detections less than 5 
times the blank concentration were flagged as a non-detection at the s,pecific 
level (5x blank concentration). Pesticides and herbicides detected in at least 
one field blank include 4,4-dichlorodiphenyldichloroethane (DDD), endrinketone, 
heptachlor and methoxychlor, 2-(2,4,5-trichlorophenoxy) propionic acid (2,4,5-TP 
orsilvex), 2,4,5-trichlorophenoxyaceticacid(2,4,5-T), 2,4-D, dalapon, dicamba, 
dichloroprop, dinoseb, (4-chloro-2-methylphenoxy)acetic acid (MCPA), and 
potassium (2-methyl-4-chlorophenoxl)propionate (MCPP). 

A statisticalevaluationusingnonparametric statistics was also accomplished for 
the combined OU 3 analytical data against facility background data as published 
in the Background Sampling Report (ABB-ES, 1995a). The statistical eva:Luation 
approach is summarized below and detailed in Appendix C-5, and the results for 
soil and groundwater at OU 3 are presented in Tables 4-l and 4-2, respectively. 

The statistical evaluation approach for OU 3 analytical data primarily uses 
nonparametric statistical methods, which include (1) the Mann-Whitney Zl Test, and 
(2) the outside value test. Nonparametric statistics, also called distribution- 
free tests, were usedbecause they require less restrictive assumptions about the 
underlying distributions such as the assumption of normality and equal variance, 
which usually are difficult to meet especially in small environmental samples. 
Relevant findings from the statistical tests for detected analytes or compounds 
are discussed in their respective sections below. 

4.2 STUDY AREA 8. A full account of the known history of the facility and the 
land use of the area comprising SA 8 is presented in Section 1.3, but the types 
of wastes disposed of in the Greenskeeper's Storage Area are discussed in more 
detail as potential sources of contamination below. 

4.2.1 Source Evaluation The contaminants of concern within OU 3 are pesticides 
andherbicides and their carrier substances. Pesticides andherbicides are known 
to have been historically stored and handled at SA 8. Pesticides and herbicides 
were properly applied at many areas across the Main Base in accordance with their 
intended use, including the golf course. However, improper handling, leaks, and 
spills have occurred at SA 8, resulting in contamination of soil and groundwater. 

Pesticides and herbicides may have been released through a number of mechanisms. 
Full-strength solid or liquid compounds may have been released through direct 
spills from equipment and storage containers prior to mixing, during the mixing 
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Summary of Population Comparisons on OU 3 Soil Versus 
Background Surface Soil Mann-Whitney U Test 

‘arameters 

I,C-DDE 

ksenic 

3arium 

3hromium 

Zapper 

,ead 

Manganese 

Mercury 

alpha-Chlordane 

gamma-Chlordane 

2,4,5-T 

2,4-D 

2,4-DB 

2-methylnaphthalene 

4,4’-DDD 

Acenaphthylene 

Aldrin 

Anthracene 

Antimony 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(g,h,i)perylene 

Beryllium 

Butylbenzylphthalate 

Cadmium 

Calcium 

Carbazole 

Chrysene 

Cobalt 

Dalapon 

Di-n-butylphthalate 

Dibenz(a,h)anthracene 

Dicamba 

Dinoseb 

Endosulfan I 

Endosulfan II 

Endrin ketone 

Fluoranthene 

Heptachlor 

Indeno(l,2,3-cd)pyrene 

MCPA 

Magnesium 

Methoxychlor 

Nickel 

Phenanthrene 

Potassium 

Selenium 

Sodium 

Thallium 

Zinc 

alpha-BHC 

beta-BHC 

delta-BHC 

Di-n-octyl phthalate gamma-BHC (lindane) 

’ See Appendix C for further details on these population comparl, soni s. 
’ “Detection limit differences” means that numerous oata pornts rn both data sets are below detection limits-and therefore 
the population differences may be attributed primarily to the differences in detection limits and not the few actual ._ *_ _ ,. 
detections. 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando. Florida 

F 

( 
( 

‘opulation statistical summary’ 

Xl 3 population significantly higher than background 
lata set. 

Different populations but comparison largely driven by 
detection limit differences.’ 

Notes: OU = operable unit. 2,4-DB = 2,4-dichlorophenoxybutyric acid. 
4,4’-DDE = 4,4’-dichlorodiphenyldichloroethene. 4,4’-DDD = 4,4’-dichlorodiphenyldichloroethane. 
2,4,5-T = 2,4,5-trichlorophenoxyacetic acid. . MCPA = (4chloro-2-methylphenoxy)acetic acid. 
2,4-D = 2,4dichlorophenoxyacetic acid. BHC = hexachlorobenzene. 

a . . ox 1. ./,, _,j,.\.,.X~ i”%,<& i%i *<. r.li.:* .:.A ii;>,.” .,:.-:i d‘ w A i: “* .L 1. *..*B.tlc 
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Table 4-2 
Summary of Population Comparisons on OU 3 Groundwater Versus 

Background Groundwater’Mann-Whitney .U Test 

Parameters 

Arsenic 

Manganese 

Vanadium 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida ,., ,, .b .,. 

Population statistical summary’ 

OU 3 population significantly higher than background 
data set. 

Background population significantly higher than OU 3 
data set. 

24-D Endrin Different populations but comparison largely driven by 

4,4’-DDD Endrin aldehyde detection limit differences.’ 

4,4’-DDE Heptachlor epoxide 

4,4’-DDT Lead 

Aldrin Mercury 

Antimony Methoxychlor 

Cadmium Nickel 

Chromium Selenium 

Cobalt Silver 

Qwer Thallium 

Dalapon Zinc 

Dieldrin alpha-BHC 

Dinoseb alpha-Chlordane 

Endosulfan I delta-BHC 

Endosulfan II gamma-BHC (Lindane) 

Endosulfan sulfate gamma-Chlordane 

’ See Appendix C for further details on these population comparisons. 
’ “Detection limit differences” means that numerous data points in both data sets are below detection limits and therefore 
the population differences may be attributed primarily to the differences in detection limits and not the few actual 
detections. 

Notes: OU = operable unit, 
24-D = 2,edichlorophenoxyacetic acid. 
4,4’-DDD = dichlorodiphenyldichloroethane. 
4,4-DDE = dichlorodiphenyldichloroethene. 
4,4’-DDT = dichlorodiphenyltrichloroethane. ’ 
BHC = hexachlorobenzene. 
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process, or during cleanup of equipment and containers. Diluted compounds could 
have been released through equipment rinsing and mixing. Given the proximity of ,Y--% 

the SA to the golf course, it is also very likely that some amount of the 
contaminants detected is due to routine application. 

Sampling results indicate that releases of CPCs occurred primarily in the fenced 
Greenskeeper's Storage Area, particularly adjacent to Building 2134 (Figure 4-l). 
Arsenic was detected in surface soil during site screening activities at a 
maximum concentration of 577 mg/kg at the northwest corner of the building. Soil 
excavation activities conducted as an IRAby SOUTHNAVFACENGCOMprior to the RI/FS 
field investigation have remediated the highest contamination detected at SA 8. 
A total of five separate areas were excavated during the IRA, as shown on Figure 
l-3. The remainder of the area was further investigated during the RI/FS, and 
the sampling results are discussed in detail below. 

4.2.2 Study Area 8 Soil Soil samples were collected from a total of 55 
locations at depths up to 2 feet bls and at one location from 2 to 3 feet bls. 
The water table was encountered at approximately 2 feet bls at most locations, 
so only one unsaturated subsurface soil sample was collected. Sampling results 
are presented below by analytical parameter. A qualitative discussion of 
subsurface soil is presented below in Section 4.5. 

4.2.2.1 Semivolatile Organic Compounds First phase and second phase soil 
samples were analyzed for SVOCs. All but three of the SVOCs detected in SA 8 
soil were PARS. The three detected SVOCs that were not PAHs were phthalate 
compounds. Bis(2-ethylhexyl)phthalate, detected in 22 samples (plus 2 
duplicates), is a common laboratory artifact, and the reported concentrations 
likely are not representative of site conditions. Di-n-butylphthalate was 
detected in four samples, and butylbenzylphthalate was detected in one sample. 
Concentrations of these three analytes were all at estimated levels ("J" values) 
below the contract-required quantitation limits (CRQLs), and none exceeded 
screening values. 

PARS were detected in 23 (plus 2 duplicates) of the 55 samples analyzed for SVOCs 
(Appendix C). Total PAH concentrations in these 23 samples ranged from 129 to 
18,840 micrograms per kilogram (pg/kg). Concentrations of benzo(a)pyrene 
exceeded the screening value at eight sample locations (plus two duplicates). 
In one of those samples, 08805701, collected in the vegetated area between the 
fence and the lake, screening values were also exceeded for benzo(b)fluoranthene 
and dibenz(a,h)anthracene. This sample had the highest total PAH concentration, 
18,840 a/kg, which is an order of magnitude higher than the next highest 
concentrations. PARS were detected in most of the samples collected along the 
west side of the investigation area, including locations adjacent to the west 
side of the buildings, samples in the vegetated area along the west side of the 
fence toward the lake, and samples near the area suspected to be a former wash 
area. All of the samples having concentrations exceeding screening values were 
on the west side of the SA. PAHs were not detected in most of the samples in the 
center and eastern end of the SA. This pattern of higher PAH concentrations on 
the west side of the SA is not evident at SA 9 (Paragraph 4.3.2.1), suggesting 
that the PAHs are related to SA 8. The source of these PAHs is likely related 
to the maintenance equipment stored and used at SA 8, including fuels, 
lubricants, and engine emissions. Another possible source is from herbicide 
carrier liquids. The contaminants appear to have migrated by wind, which could n 

carry engine emissions and contaminated particulate matter, and stormwater 
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runoff. Three samples were collected along a pathway that runs between two of 
the structures (the mower storage quonset hut and the covered concrete pad) into 
the vegetated area. The sample location in the vegetated area, 08805701, was in 
a low area observed to collect surface runoff from the SA. As noted above, the 
total PAH concentration at this location is the highest at the SA (18,840 pg/kg). 
The concentrations of PAHs at the other two samples (08802800 and 08802700) were 
979 and 1199 pg/kg, respectively, from east to west toward the vegetated area. 
This contaminant distribution supports a scenario of contaminant migration via 
a surface runoff pathway. 

4.2.2.2 Polychlorinated Biphenyls Only one PCB congener, aroclor-1260, was 
detected in soil samples at SA 8. This compound was detected in three samples, 
08501200, 08SO3700, and 08804200, all which were located on the east side of SA 
8, outside the fence, upgradient of the SA structures. All the detected PCB 
concentrations were below screening values. The source of these PCBs is unknown, 
but is likely related to pesticide carrier oils or possibly electrical 
transmission equipment. 

4.2.2.3 Pesticides and Herbicides Low levels of pesticides, well below 
screening values, were detected in all samples except 08SO6201 (collected from 
the southeast site area, outside the fence). Pesticides were detected at 
concentrations exceeding screening criteria at two locations. In sample 
08804400, collected at the south end of the fenced area, dieldrin was detected 
at 91 pg/kg, exceeding the screening values. In sample 08SO3100, concentrations 
of alpha chlordane (3,700 pg/kg), gamma chlordane (2,900 pg/kg), heptachllor (680 
pg/kg), .-and heptachlor epoxide (130 pg/kg), all exceeded screening values. 
Sample 08503100 was collected near former Building 2134, where pesticide mixing 
and equipment repairs took place. 

The screening value for the herbicide MCPP was exceeded in one sample (08804900), 
as shown on Figure 4-1, but was detected at various locations over the site. 
Most of these samples were located at the north end of the SA. The one sample 
where the screening value was exceeded was at the south end in the open area 
outside the fence on the west side of the road. The herbicide MCPA was detected 
in six samples, primarily located around the perimeter of the site, at concentra- 
tions ranging from 6,000 to 31,00O.~g/kg, all below screening values. Several 
other herbicide compounds (Appendix C) were detected in samples from across the 
site at levels well below screening values. 

4.2.2.4 Inorganics Concentrations of inorganic compounds detected in SA 8 soil 
are presented in Appendix C. The only inorganic compounds detected at concentra- 
tions exceeding screening values are arsenic and lead. The screening value for 
lead was exceeded at two locations: in sample 08802500 (541 mg/kg), collected 
near the hazardous materials storage structures on the west side of the SA, and 
08305801 (902 mg/kg), collected in the vegetated area west of the SA. 

Arsenic was detected in 43 of the 55 (plus 4 duplicate) samples analyzed for 
inorganics. All detected concentrations of arsenic exceeded the screening values 
(FDEP SCG for arsenic, 0.8 mg/kg, and the facility background concentration for 
arsenic, 1 mg/kg). At 12 sample locations, 9 of which were located along the 
upgradient edge of the SA, arsenic was not detected above the sample quantitation 
limit (SQL). The distribution of arsenic concentrations is represented 
graphically on Figure 4-5. 
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Arsenic concentrations detected during the RI/FS ranged from nondetect to 90 
mg/kg . These concentrations are significantly below the maximum concentration 
of 577 mg/kg detected during site screening at the area addressed by the IRA. 

Arsenic was detected in samples collected upgradient of the SA at concentrations 
above screening values. However, the presence of arsenic at these upgradient 
locations is most likely a result of the application of pesticides andherbicides 
consistent with their intended usage and not a result of improper disposal or 
spills. 

4.2.3 Studv Area 8 Groundwater Pour monitoring wells (OLD-08-01, OLD-08-02, 
OLD-08-03, andOLD-08-04) were installedduring site screening andwere resampled 
during the RI/FS. During the first phase of the RI/FS, three shallow well 
points, seven water table microwells, and one intermediate microwell were 
installed at SA 8. Intermediate microwell OLD-08-12, screened at 23 to 29 feet 
bls, was installed adjacent to OLD-08-02. During the second phase at SA 8, two 
additional microwells and one additional well point were installed. Groundwater 
samples during both RI/FS sampling phases were analyzed for SVOCs, pesticides and 
PCBs, herbicides, inorganics, TOC, and TSS. Selected wells were also analyzed 
for arsenic speciation and related parameters. 

4.2.3.1 Semivolatile Organic Compounds The only SVOC detected in SA 8 
groundwater was naphthalene, which was detected at one well, OLD-08-OIL. The 
concentration of naphthalene in that sample was 25 micrograms per liter (pg/R), 
which exceeds the GCTL concentration of 20 pg/R and the FGGC concentration of 6.8 
pg/R, but does not exceed the RBC for tap water. That well was installed during 
site screening near the former aboveground storage tanks. Naphthalene 'was not 
detected at that well during site screening. 

4.2.3.2 Polychlorinated Biphenyls No PCBs were detected in groundwater samples 
collected from SA 8. 

4.2.3.3 Pesticides and Herbicides Trace levels of several pesticides and 
herbicides were detected in groundwater samples collected from SA 8. All 
detections of pesticides were well below screening values. Only one sample had 
detectable concentrations of more than one pesticide. That sample, from well 
OLD-08-01, located near the hazardous materials storage building north of 
Building 2134, exhibited trace concentrations of endrin and 4,4'-dichloro- 
diphenyltrichloroethane (DDT). No pesticides were detected in the intermediate 
well. 

The herbicides 2,4-D, 2,4-dichlorophenoxybutyric acid (2,4-DB), dalapon, 
dichloroprop, dinoseb, MCPA, and MCPP were all detected in SA 8 groundwater 
samples. Most herbicide concentrations were trace levels and well be:Low the 
screening values. MCPA and MCPP were detected in several samples, and all 
detected concentrations exceeded the RFX for tap water. The concentration of 
MCPA detected at the northernmost well point, OLD-08-15 (1,200 DJ pg/R), exceeded 
the FGGC. Currently, there is no FGGC for MCPP. The only compound detected in 
the intermediate well was a trace of 2,4-D (0.08 J pg/R). 

4.2.3.4 Inorganics The only inorganic analyte detected in groundwater samples 
at SA 8 at concentrations in exceedance of screening values was arsenic. The 
locations where the screening value was exceeded are shown on Figure 4-2. 
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Arsenic concentrations ranged from nondetect, in samples collected from two of 
the well points and the intermediate well, to 295 pg/kg. Arsenic concentrations 
are shown on Figure 4-6. The highest concentrations were detected nlear the 
center of the SA. The sample from well OLD-08-16, collected on the upgradient 
side of the SA, 'across the golf course fairway from the fenced area, had an 
arsenic concentration of 3.9 pg/Q, well below the screening value of 50 pg/Q. 

Wells OLD-08-06 and OLD-08-07 were installed just east of the fenced area and 
west of the most contaminated zone. Arsenic concentrations in these two wells 
were 53 and 56.4 pg/Q, respectively, slightly exceeding the screening value 
(primary drinking water standard and Federal MCL of 50 pg/Q). Given the shallow 
groundwater gradient and relatively slow groundwater transport velocities, it is 
possible that the arsenic contamination in these two wells is a result of 
contaminant diffusion from the area to the west where arsenic concentrations are 
higher. The highest concentrations of arsenic in groundwater occur within the 
Greenskeeper's Storage Area and appear to have resulted from activities in the 
compound, including spills and leaks to surface soil and releases through sink 
drains. The arsenic concentration at OLD-08-02 was 295 pg/Q during the RI/FS. 
Arsenic was not detected in the corresponding intermediate well. 

Well points OLD-08-13, OLD-08-14, OLD-08-15, and OLD-08-18 are considered points 
of discharge to Lake Baldwin and were installed downgradient of the wells 
exhibiting the highest arsenic concentrations. Concentrations of arsenic in all 
but one of the groundwater samples from the well points were below screening 
criteria. The arsenic concentration atwellpoint OLD-08-13 was 88.2 pg/Q, which 
exceeds the screening value of 50 pg/Q. This well is downgradient of wel:Ls OLD- 
08-09 and OLD-08-10, which exhibited arsenic concentrations in groundwater of 117 
and 209 pg/Q, respectively. 

Both filtered and unfiltered groundwater samples were collected for inorganics 
analysis from several wells that exhibited a high level of suspended solids 
(greater than 10 NTU). Filtered versus unfiltered results are presented in 
Appendix C. Results of the filtered sample analyses didnot differ significantly 
from the unfiltered results. For arsenic, all filtered sample results were 
within 17 percent or less of the unfiltered sample analyses, and filtered and 
unfiltered results were within the same order of magnitude for any given well. 
These results indicate that the inorganics are primarily dissolved in groundwater 
and are not due to suspended particulates. TSS in all groundwater samples at 
SA 8 ranged from nondetect to 22 mg/Q. 

4.3 STUDY AREA 9. A full account of the known history of the facility and the 
land use of the area comprising SA 9 is presented in Section 1.4, but the types 
of materials used and stored at the SA are discussed in more detail as potential 
sources of contamination below. 

4.3.1 Source Evaluation The types of contaminants of concern within Ou' 3 are 
pesticides and herbicides and their carrier substances. Pesticidebs and 
herbicides are known to have been historically stored and handled at SA 9. 
Pesticides and herbicides were properly applied at many areas across the Main 
Base in accordance with their intended use, including the golf course. However, 
improper handling, leaks, and spills have occurred at SA 9, resulting in 
contamination of soil and groundwater. 
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Pesticides and herbicides may have been released through a number of mechanisms. 
Full-strength solid or liquid compounds may have been released through direct ra 
spills from equipment and storage containers prior to mixing, during the mixing 
process, or during cleanup of equipment and containers. Diluted compounds could 
have been released through equipment rinsing and mixing. Given the proximity of 
the SA to the golf course and the amount of grass cover, it is also very likely 
that some amount of the contaminants detected is due to routine application. 

Sampling results indicate that releases of contaminants occurred primarily in the 
former work area, particularly in the immediate vicinity of former Building 2132 
and the former storage building to its south (Figure 4-3). Excavation activities 
conducted as an IRA by SOUTHNAVFACENGCOM prior to the RI/FS field investigation 
have remediated surface soil contamination detected in the vicinity of Building 
2132 and the former work area, with the exception of the drainage swale running 
along the perimeter of the SA. The swale was included in the RI/FS field 
investigation, and the sampling results are discussed in detail below. 

4.3.2 Studv Area 9 Soil Surface soil samples were collected from 32 locations 
during the RI/FS. Twenty-four samples were collected during the first phase and 
were analyzed for SVOCs, pesticides and PCBs, herbicides, and TAL metals in 
accordance with CLP methodology. During the second sampling phase, eight 
additional samples were collected and analyzed for pesticides, PCBs, and TAL 
metals to further evaluate contamination detected in the first phase. Five 
samples were collected for arsenic speciation and associated general chemistry 
analysis. 

Soil samples were collected at depths up to 2 feet bls. The water table was ,/ 
encountered at approximately 2 feet, so no unsaturated subsurface soil samples 
were collected. Sampling results are presented below by analytical parameter. 
A qualitative discussion of subsurface soil is presented below in Section 4.5. 

4.3.2.1 Semivolatile Organic Compounds Five of the seven SVOCs detected in SA 
9 soil were PAHs. The two non-PAH compounds were bis(2-ethylhexyl)phthalate, 
detected in six samples, and di-n-octyl phthalate, detected at 1 pg/kg in one 
sample. Bis(2-ethylhexyl)phthalate is a common laboratory artifact, and the 
reported concentrations likely are not representative of site conditions. 
Concentrations of these two compounds were all at estimated levels below the 
CRQLs, and none exceeded screening values. 

PAHs were detected in 4 of the 24 samples analyzed for SVOCs (09SOO700, 09SO1100, 
09SO1500, and 09SO2700). Total PAH concentrations ranged from 36 to 188 pg/kg. 
None of the detected concentrations exceeded screening values. Of these four 
samples, two were located in the drainage swale, one was located in the former 
parking area, and one (the sample with the lowest total concentration) was 
located at the southeast corner of the area excavated during the IRA. The two 
samples with the higher total PAH concentrations were located in the parking area 
and in the drainage ditch adjacent to the road, suggesting that the primary 
source of the PAHs is related to vehicles travelling through the SA. 

4.3.2.2 Polychlorinated Biphenyls No PCBs were detected in surface soil at 
SA 9. 
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4.3.2.3 Pesticides and Herbicides Pesticides were detected in all surface soil 
samples collected at SA 9. However, concentrations in most samples were well 
below screening values, with the exception of three samples (Figure 4-3). Two 
of these samples (OSSOOSOO and 09SOO700) were collected during the first sampling 
phase from within the drainage .&ale on the northeast side of the property. 
Concentrations of 4,4'-DDD, alpha-chlordane, and gamma-chlordane exceeded 
screening values in these two samples, with concentrations increasing along the 
flow path of the ditch to a maximum level at the point of entry into the wetland 
in sample 09SOO500. At this sample location, concentrations of 4,4-DDT also 
exceeded screening criteria. During the second phase of sampling, five samples 
were collected from the wetland at the mouth (discharge area) of the swale 
(Figure 4-3) to investigate migration of pesticides beyond sample location 
09s00500. Concentrations of pesticides showed a decrease in these samples, 
although concentrations of alpha- and gamma-chlordane still exceeded screening 
values in sample 09803401, located in the vegetated area north of the swale. 
This indicates that pesticides are migrating along the drainage swale, 'but are 
dispersed when the runoff reaches the wetland. 

Herbicides were detected at low levels well below screening values in most 
surface soil samples at SA 9. The compound MCPA was detected above screening 
values in one sample, 09SO3000, located in the wetland area near the mouth 
(discharge area) of the drainage swale. No other herbicides exceeded sc,reening 
values in SA 9 surface soil. 

Samples collected on both sides of the drainage swale, as well as in the former 
parking area and the source area, did not contain pesticides or herbicides above 
screening values. 

4.3.2.4 Inorganics Concentrations of arsenic were detected in SA 9 soil above 
screening values. Screening values for arsenic were exceeded in seven samples, 
all located in or near the drainage swale on the north side of the SA, as shown 
on Figures 4-2 and 4-7. The source of the arsenic is believed to be the improper 
handling of pesticides and herbicides used at SA 9. However, the only 
exceedances of screening values during the RI/FS occurred in samples associated 
with the contaminant migration pathway from the source area, not at the source 
area itself, which was addressed during the IRA. 

4.3.3 Studv Area 9 Groundwater Four monitoring wells were installed during site 
screening and were resampled during the RI/FS. During the first phase of the 
RI/FS, three shallow well points, eight water table microwells, and one 
intermediate microwellwere installed at SA 9. Intermediate microwell OLD-09-13, 
screened at 23 to 29 feet deep, was installed adjacent to OLD-09-11. During the 
second phase at SA 9, one additional shallow microwell and one additional 
intermediate microwell were installed. The intermediate microwell, OLD-09-18, 
was installed adjacent to OLD-09-01. Groundwater samples during the first RI/FS 
sampling round were analyzed for SVOCs, pesticides and PCBs, herbicides, TAL 
metals, TOC, and TSS. During the second phase, samples were analyzed for 
herbicides, TAL metals, TOC, and TSS. Selected wells were also analyzzed for 
arsenic speciation and related parameters. 

4.3.3.1 Semivolatile Organic Compounds The compounds naphthalene, 2-methyl- 
naphthalene, and six phenolic compounds were detected in SA 9 groundwater 
samples. 2,4-dichlorophenol was detected above screening values at one well, 
OLD-09-12. This well is located in the center of the source area; the 
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surrounding soil was excavated during the IRA. No other SVOC concentrations 
exceeded screening values. Phenols are known to be found in pesticide and 
herbicide carriers (Meister, 1994). A trace of naphthalene was detected in the 
intermediate well OLD-09-13 (2 J pg/R); no other SVOCs were detected in the 
intermediate well. 

4.3.3.2 Polychlorinated Biphenyls No PCBs were detected in groundwater samples 
collected from SA 9. 

4.3.3.3 Pesticides and Herbicides Pesticides were primarily detected in five 
of the wells at SA 9: OLD-09-04, OLD-09-05, OLD-09-06, OLD-09-11, and OLD-09-12, 
but all but three concentrations, detected in well OLD-09-12, were below the 
screening values. Six to seven pesticide compounds were detected in each of 
these wells, but each sample contained a unique suite of compounds. Gamma- 
chlordane and gamma-hexachlorobenzene (BHC) were the most commonly detected 
pesticides in SA 9 groundwater, each appearing in four of these five wells. The 
pesticide concentrations in exceedance of the screening values were 1 J pg/1 of 
alpha-BHC, 0.3 pg/R of delta-BHC, and 0.69 pg/R of gamma-BHC in the groundwater 
sample from well OLD-09-12, which also contained herbicides in exceedance of 
standards. 

Herbicides were detected in all groundwater samples collected from SA 9, 
including trace levels in the intermediate wells (Appendix C). The most 
frequently detected compounds were 2,4-D, 2,4-DB, dichloroprop, MCPA, and MCPP. 
Concentrations of 2,4-D and 2,4-DB were below 2 pg/R in all samples except the 
sample from OLD-09-12, which had a 2,4-D concentration of 110 pg/R, which 
exceeded the screening value. The screening value for MCPA (1,000 pg/R or the 
FGGC) was exceeded at two locations, OLD-09-04 and OLD-09-05, and the smeening 
value for MCPP (37 pg/R or the RBC for tap water) was exceeded at six locations, 
OLD-09-02, OLD-09-04, OLD-09-05, OLD-09-07, OLD-09-11, and OLD-09-12. These 
compounds did not exceed screening values in the intermediate wells. 

The wells where pesticide and herbicide screening values were exceeded are 
located near the source area addressed by the IRA and along the adjacent drainage 
swale. No pesticides were detected in the well points, and no concentrations of 
herbicides in the well points exceeded screening values. 

4.3.3.4 Snorganics Arsenic was detected in SA 9 groundwater samples at 
concentrations in exceedance of screening values. The locations where these 
exceedances occurred are shown on Figure 4-4. 

Arsenic concentrations in SA 9 groundwater ranged from nondetect to 264 pg/R. 
Screening values were exceeded in samples from wells OLD-09-04, OLD-09-05, OLD- 
09-06, OLD-09-11, and OLD-09-12, all which are located near the drainage swale 
on the northeast side of the SA. The highest concentrations were detected in the 
wells adjacent to the edge of the area where soil was excavated during the IRA. 
As Figure 4-8 shows, arsenic concentrations upgradient, downgradient, and cross- 
gradient of these wells are well below screening values. Arsenic was not 
detected in intermediate well OLD-09-13, located adjacent to shallow microwell 
OLD-09-11, where arsenic was detected at 93.9 pg/R, Arsenic was also not 
detected in intermediate well OLD-09-18. 

? 
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The drainage swale runs along the northeast side of the SA and continues into the 
wetland area, flowing toward Lake Baldwin. The swale continues to be a 
preferential drainage pathway as it enters the wetland, but the swale becomes 
shallower and less defined closer to the lake. Well point OLD-09-16 was 
installed in the wetland at the point where the drainage swale loses its 
definition, approximately 30 feet from the edge of the lake, and is considered 
a point of discharge to the lake. Arsenic in this well was measured at 2..4 pg/R, 
compared to 61.3 pg/R and 53 pg/R inwells OLD-09-05 and OLD-09-06, respectively, 
located farther upgradient. 

Both filtered and unfiltered groundwater samples were collected for inalrganics 
analysis from several wells that exhibited a high level of suspended solids. 
Filtered versus unfiltered results are presented in Appendix C. Results of the 
filtered sample analyses didnotdiffer significantly. For arsenic, all filtered 
sample results were no more than 13 percent of the unfiltered sample analyses, 
and filtered and unfiltered results were within the same order of magnitude for 
any given well. These results indicate that the inorganics are primarily 
dissolved in groundwater and are not due to suspended particulates. TSS in all 
groundwater samples ranged from nondetect to 58 mg/R. 

4.4 ARSENIC SPECIATION. An arsenic speciation study was conducted during the 
RI/FS to evaluate the nature of the arsenic present at OU 3. The chemistry of 
the environment at a site can influence the toxicity, migration potenti,al, and 
environmental fate of arsenic. 

. . . 
After evaluating the analytical data gathered during the Phase I sampling, 
several sample locations, where arsenic concentrations were the greatest, were 
resampled for inclusion in the arsenic speciation study. The samples used for 
the study were submitted for arsenic speciation, free iron oxides, and TOC 
analysis. Eh and pH were also measured at the time of sampling. The primary 
purpose of the speciation analysis was to determine the form of arsenic present 
at OU 3. There are several valence states in which arsenic exists; the valence 
states most prevalent in the environment are +3 and +5. Trivalent arsenic (+3) 
is an order of magnitude more potent thanpentavalent arsenic (+5) (Jacobson-Kram 
& Montalbano, 1985). The other parameters analyzed were used to assist in the 
interpretation of the speciation results. 

Implications of the results of the study are discussed in Chapter 5.0 in terms 
of contaminant fate and transport and in Chapters 6.0 and 7.0 in terms of human 
health and ecological risk. 

4.4.1 Analytical MethodoloEv Arsenic speciation samples were submitted to the 
Department of Analytical and Environmental Chemistry, Southwest Research 
Institute (SWRI) for speciation analysis using the hydride atomic absorption (AA) 
technique. A brief description of this method as modified by SWRI follows. 

For groundwater samples, two sample aliquots were taken from each sample. One 
aliquot was acidified with hydrochloric acid and run "as received" by hydride AA 
to determine the arsenic (III) concentration. The second aliquot was acidified 
and pre-reduced using potassium iodide and ascorbic acid to convert all arsenic 
(V) to arsenic (III). The pre-reduced sample was run for arsenic via hydride AA 
to determine the total arsenic concentration. The arsenic (V) concentration was 
calculated from the difference between the total arsenic and arsenic (III) 
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concentrations. For soil samples, extraction was accomplished using a 4 molar 
hydrochloric acid for 12 hours. The extract was filtered and aliquots run for ,*craa?, 
total arsenic and arsenic (III) as described in the water section. 

"Free" iron oxide analysis was conductedusing the extraction procedure developed 
by Mehra and,Jackson (Mehra and Jackson, 1960). The method employs extracting 
the free iron oxides in soils using a solution of sodium dithionite-citrate- 
bicarbonate followed by analysis of the extracted iron using inductively coupled 
plasma techniques. 

4.4.2 Results Analytical results for both soil and groundwater samples 
submitted for arsenic speciation and iron oxides analysis are presented in 
Appendix C. Eh and pH data collected at the time of sampling are also presented. 

Results for the arsenic speciation indicate that the valence state of +3 
(arsenite) predominates inboth soil and groundwater samples. Arsenite to total 
arsenic ratios range from 0.69 to 0.87 in soil samples and 0.53 to 0.97 in 
groundwater samples. These results show that on average, 79 percent of the total 
arsenic found in OU 3 soil and groundwater is predominantly arsenite (+3). 
Arsenite to arsenate ratios in both OU 3 soil and groundwater samples conform to 
each other reasonably well, indicating similar geochemical environments or 
chemical sources. Eh and pH data support the arsenitelarsenate ratios found in 
both groundwater and soil data because in predominantly anaerobic environments 
(less than 300 millivolts [mV]) under typical pH ranges (pH 4 to 8), arsenite 
appears to be the predominant species. Total soil arsenic and iron concentra- 
tions are correlated to each other (correlation equal to 0.67). Total free iron 
oxides present in OU 3 soils are relatively low (below 0.05 percent). .*----Y 

4.5 OPERABLE UNIT 3 SUBSURFACE SOIL. Only one subsurface soil sample could be 
collected during the RI/FS due to the level of the water table at the OU. 
Because the water table was at an approximate depth of 1 to 2 feet bls at most 
locations throughout the field investigation, no other unsaturated soil samples 
could be collected below 2 feet. Following is a qualitative evaluation of 
subsurface soil in terms of potential risks to human health and the environment 
and in terms of remedial requirements. 

At SA 9, some limited subsurface data was collected during execution of the IRA, 
as confirmatory samples from the bottom of the excavations (Appendix A). One 
subsurface soil sample was collected from SA 8 during the RI/FS. 

During the IRA at SA 9, soil was excavated to a depth of 2 feet at most areas. 
However, soil was excavated between 2 and 5 feet bls at one area (approaching the 
drainage swale and monitoring well OLD-09-04) based on sampling results that 
indicated the contamination extended below 2 feet in that area. Confirmatory 
samples collected on the excavation floor in other'areas. indicated that 
contaminant concentrations did not exceed remediation goals below a depth of 2 
feet (Appendix A). 

One subsurface soil sample was collected during the RI/FS at SA 8, 08B01001, from 
the location where surface soil OBSO4800 was collected. Sample 08304800 was 
collected from a depth of 0 to 1 foot bls, and sample 08BOlOOlwas collected from 
2 to 3 feet bls. The arsenic concentration in the surface samples was 65.6 

.d----x 

&kg. The arsenic concentration in the 2- to 3-foot bls sample, 7.54 mg/kg, 1 

NTC-RIFS.OU3 
PMw.05.99 4-21 



jr*a, 
exceeds screening values but is an order of magnitude lower than the concentra- 
tion at the surface. The subsurface sample did not contain SVOCs, pesticides, 
PCBs, or herbicides above screening values. 

The source of contamination at OU 3 was primarily releases of pesticides and 
herbicides to the surface soil. One transport mechanism for contaminants 
released to the surface is percolation downward through the subsurface soil. 
Pesticides and herbicides released to the surface will migrate vertically until 
they reach the water table, leaving, at a minimum, residual levels of contami- 
nation at the point of release to the ground surface. Therefore, analysis of 
surface soil samples sufficiently delineates the horizontal distribution of soil 
contamination throughout the vadose zone. 

The source evaluation must consider whether or not soil is a continuing source 
of groundwater contamination. Although subsurface analytical data is not 
available, other existing information is sufficient to complete the evaluation. 
Historical site usage research, site observations, and surface soil and 
groundwater data show that contaminants were released to the surface and have 
percolated through the soil to the groundwater. Available data show the highest 
concentrations of contaminants in groundwater are found at or downgradient of the 
highest soil concentrations. Furthermore, groundwater data from samples 
collected from OLD-08-01 before and after the IRA show that groundwater 
concentrations were dramatically reduced in this well following excavation of the 
overlying contaminated soil. Arsenic concentrations at OLD-08-01 were reduced 
from 425 to 133 I.rg/R. This reduction in groundwater concentrations following 
excavation of contaminated soils indicates that the soil, itself contaminated by 
downward migration of contaminants released to the surface, was a source of 
groundwater contamination. Therefore, it follows that remaining contaminated 
soil elsewhere at the OU underlying points of release to the surface continues 
to be a source of groundwater contamination. 

HHRAs and ERAS are presented in Chapters 6.0 and 7.0 of this report. The ERA 
does not consider soil deeper than 2 feet for exposures to ecological receptors. 
A qualitative evaluation of subsurface soil in terms of risk to human health is 
presented here. Although some of the contamination has migrated downward to the 
water table, as evidenced by the concentrations and distribution of groundwater 
contaminants, at least residual levels of contamination are present in the 
surface soil, for which analytical data is available. Those data have been 
included in the HHRA (and ERA) performed as part of this RI/FS. 

As discussed in Chapter 6.0, there is a low exposure potential to subsurface soil 
(soil deeper than 2 feet bls). Exposure to subsurface soil would be limited to 
construction or utility workers, Risks to these workers were quantitatively 
calculated based on exposure to surface soil (0 to 2 feet), which is expected to 
contain the same contaminants of concern as subsurface soil (due to the 
contaminant release mechanisms). Although risks associated with exposure to 
surface soil for construction workers are below levels of concern, the health 
risks for other receptors potentially exposed to surface soil (e.g., recreational 
user, future resident, and future commercial worker) exceed acceptable levels; 
this means that regardless of risks posedby subsurface soil contamination (which 
could not be calculated), soil remediation will most likely be warranted. 
Remedial options for contaminated surface and subsurface soil will be evaluated 
in the FS. The final remediation depth will be determined by the selected 
remediation technique and will be based on established cleanup goals in the FS. 
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The remediation will include soil at appropriate depths based on those criteria 
and may include soil deeper than 2 feet, if appropriate. f-x 

4.6 SUMMARY OF NATURE AND DISTRIBUTION OF CONTAMINATION. The contaminants at 
OU 3 that exceed screening values are believea to be'related to the improper 
handling and storage of pesticides and herbicides and, to a limited extent, to 
the O&M of landscaping equipment and other local road traffic. 

The area upgradient of both SAs has been used as a golf course up until June 1, 
1998. Pesticides and herbicides have routinely been applied to the golf course 
in a manner consistent with their intended use. Pesticides and herbicides, 
including arsenic, have been mixed, used, and stored at both SAs in such a way 
as to cause chemical releases inconsistent with their intended use. Although 
contaminants in soil and groundwater have been detected upgradient of the former 
work areas at SA 8 and SA 9 at concentrations above screening values, these 
concentrations are considerably lower than concentrations detected at and 
downgradient of the source areas. 

The soil contamination resulting from greenskeeper activities at SA 8 is 
concentrated in the fenced compound and the immediate vicinity. The highest 
contaminant concentrations are located within the fence or within the heavily 
vegetated area just west of the fence. Neither of these areas is generally 
accessible to recreational users at the current time. 

Soil contaminants at SA 9 are concentrated in the drainage swale, which has*been 
a receptor of surface runoff from the work area for many years. It appears that ,-* 
contaminated sediment has accumulated at the point where the swale enters the 
heavily vegetated areas, based on the finding that concentrations at that point 
(sample OSSOOSOO) are higher than concentrations in all other samples collected 
from the swale and wetlands both above and below that point. Samples results 
confirm that contamination does not extend laterally beyond the swale. 

Lake Baldwin is located downgradient of both SAs 8 and 9. Well points were 
installed along the lake edge at both SAs to evaluate groundwater discharge to 
the lake, and soil samples were collected in the wetland area to evaluate 
concentrations of soil likely to migrate overland and be deposited as lake 
sediment. Although contaminants were detected in wetland soil at both SAs, 
concentrations generally show a significant decrease from the concentrations 
located at the source areas. Arsenic is the primary contaminant of concern in 
groundwater at both SAs. At SA 9, arsenic concentrations measured in the well 
points were all well below groundwater screening values and the Florida surface 
water guidance concentration of 50 pg/R. At SA 8, the arsenic concentration of 
88.2 pg/,@ in one of the four well points, OLD-08-13, exceeded both groundwater 
screening values and the surface water guidance concentration of 50 pg/1. 
Toxicity testing was performed on groundwater from well points at SA 8 to 
evaluate effects to the local ecological population, and the results are 
discussed in Chapter 7.0. Concentrations were below screening values in all 
other well points at SA 8. 

Groundwater samples were collected from intermediate wells at each SA (screened 
from 19 to 29 feet deep). Results of these samples show that no significant 
downward migration of contaminants has occurred within the shallow aquifer. /- 
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Evaluation of filtered versus unfiltered groundwater sample results at both SAs 
indicates that most inorganic contaminants are not attributable to suspended 
solids. 

The results of the evaluation of contaminant nature and extent are used in 
Chapter 5.0, which includes a detailed discussion of contaminant fate and 
transport. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

This chapter evaluates the fate and transport of CPCs detected in the environment 
at OU 3. All CPCs identified for OU 3 are summarized in Table 5-1. Actual 
physical conditions at both SAs, such as the observed extent of contamination and 
topography, alongwith empirical data on the behavior of contaminants present are 
used as the basis for assessing the rate of migration and the fate of contami- 
nants in each affected medium over the period between the probable times of 
release and current conditions. 

5.1 POTENTIAL ROUTES OF MIGRATION. The following is a qualitative discussion 
of the likely environmental pathways along which contaminants may hLave or 
currently are migrating at OU 3. In order to understand which of the many 
conceivable migration routes are relevant for SAs 8 and 9, the specific physical 
layout for each site is considered, then the physical behavior of the CPCs and 
their route(s) of introduction into the environment are evaluated in terms of the 
actual conditions at both SAs. The potential migration routes identified for 
OU 3 are illustrated on Figure 5-1. 

5.1.1 Physical Settinq The following is a brief summary of physical conditions 
at both SAs. Refer to Chapters 1.0 through 3.0 for additional information. 

5.1.1.1 Study Area 8 The Greenskeeper's Storage Area is located in the 
southeast portion of the Main Base at NTC, Orlando, between Lake Baldwin and the 
recently closed golf course (Figure l-3). A paved cul-de-sac (terminus of 
Trident Lane) occupies the central portion of the site; a series of small (less 
than 200 square feet [ft2] each) temporary structures and Building 2134, an 800 
square foot permanent structure, occupy most of the ground surface directly 
adjoining the paved road. The remainder of the site is sparsely vegetated, with 
trees bordering the fence in many areas. It is unclear whether the lack o:f grass 
cover is due to environmental contamination or physical stress (e.g., shade). 
A chain link fence currently surrounds the complex of buildings, effectively 
limiting foot traffic through the area. A second fenced area adjoins the larger 
fenced complex (Figure l-3). There are three small storage structures witlhin the 
smaller (southern) fenced area. The southern fenced area has been used by the 
NTC, Orlando grounds maintenance crew, and most recently by the golf course 
greenskeepers for seed storage. Grass is maintained inside the southern fenced 
area. 

A strip of dense woodedwetlands, approximately 60 feet wide at its maximum, lies 
between the northwestern fenced perimeter and the open water of Lake Baldwin 
(Figure 3-10). Distance from the end of Trident Lane to the water's edge at Lake 
Baldwin is approximately 135 feet. A narrow strip of no vegetation, directly 
outside the fence, is maintained mechanically and chemically (i.e., periodic 
application of Roundup) for fire control purposes. The eastern side of the 
fenced complex is borderedby grassy fairways of the recently closed golf course. 
Vegetation outside the fence appears generally healthy, with some bare spots 
within the shaded areas near the fences. 
currently operating at the site, 

There are no storm drains or sumps 
nor was any record or evidence of historic use 

of artificial drainage systems identified. A wash sink and open shower, located 
directly outside Building 2134, and an eye wash station and water fountain inside 
the building all drain to the ground surface adjacent to the building. 
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Tab,e b&q >j 

Contaminants of Potential Concern 
-, 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Populatlon at Risk’ Location/Media 

Contaminants of Potential Concern’ Human Ecological Study Area 8 Study Area 9 

Health Terrestrial 1 Aquatic SS GW SS GW 
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Table 5-I (Continued) 
Contaminants of Potential Concern 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 

Contaminants of Potential Concern’ 

Population at Risk’ 

Human Eoologioal 

Health Terrestrial Aquatic 

Pesticides (Continwd) 

. . 

I 
Endosulfan I . 

l I 

I 2,4-DB 

1 Dichlorooroo 

MCPA 

lnoraanic Analvtes 

I Antimonv . . . . I 

Iron . . . . . 
..,, . . . :I( y<.!. < ?‘l>.i .,. /, .,(. .., . . . ..&&p~. ..,a.: ..,......,..,. ;>.;.r..:..r ,.,,,,,, ;., WfgT ‘.’ .‘- .a :: ” “.‘,‘A “’ ““>“‘-‘+:.‘F :-:i :.: ;: ..::‘:!.:::;.,.; ,.,_ ,., _,j .:,:.,.: ,, .. :, ,_, ,,,,,.,, 

‘,‘-‘,::::::‘::!.!::.‘::!:“:‘.‘:.’-:i’.:.~.:,’.‘.~ i....... ..,.. r,,i :.,.,,,.,.,,,, ,,,1 _,-.,,,,..,,,, ,, _,,,, .,. ,. . . . . . . . . . . . . . . . . . . :;‘i:z:l::z:‘< y 
*.. . . . . . . . . . . . . . . . . . . .“‘YZ.. .-, -4. ..x.:.:?.:x.. ?l)‘~:.‘.‘i.‘I:.~::.; . .., . . . . . . . . . . . .A?.. ..:.:...... .a.. . . . ,.I.^. :::.:.,.:,::.:,.,..,.,....,.,.. 

::: :~I~l~::~~~~~~~~~~~~~~~~~~:~:~~~~~~~~~~~~~~~~~~~~~~~~~~ .,, ,,,:.; -,,?: ,,:,,, j ;,,, “: :-.-.. .:... ,,.. 0, t ~...........,,~ ./,.,. .A., ..<.,.<..> .,...,.,,,, ., . . . . . .: . . . . . . . * ~ ~ .Y .:.!,..., :* /. (,) I......I....i./......,../,. ,...,....,..,. ;L,.::.,..++:>:‘:: . . . . . . >..?A . . . . <I ../.. ,, . . . . . . . .,.,...(.,..., ~ . . . . . . . . . ,.~ ,.,.,..,....,....,.,.. l.%....,...l.*, .,,. .,., ‘,.<.>-‘:....<.‘..?( ..,.,,,..,...,..,....,...,.,....., ~ ..,...,_,......,..._ I 

I See notes at end of table. 
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Notes: SS = surface soil. 
GW = groundwater. 
BHC = hexachlorobenzene. 
DDD = dichlorodiphenyldichloroethane. 
DDE = dichlorodiphenyldichloroethene. 
DDT = dichlorodiphenyltrichloroethane. 
2,4,5-TP = 2-(2,4,5-trichlorophenoxy) propionic acid. 
2,4,5-T = 2,4,5-trichlorophenoxyacetic acid. 
24-D = 2,edichlorophenoxyaoetic acid. 
2,4-DB = 24dichlorophenoxybutyric acid. 
MCPA = @-chloro-2-methylphenoxy)acetic acid. 
MCPP = potassium (2-methyL4chlorophenoxy)propionate. 

Table 5-l (Contirkd) 
Contaminants of Potential Concern 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

’ Refer to risk evaluations (Chapters 6.0 and 7.0) for selection criteria. ’ 
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The ground surface is relatively-flat, with a slight regional slope to the 
northwest, towards the bordering wetlands along Lake Baldwin. There is a slight Y--k 

but noticeable drop off (approximately 1.5 feet) at the edge of the wetlands, 
just outside the northwestern fenceline. Surface runoff was observed to pool in 
this area after a significant rainstorm event. A surface drainage pathway was 
observed between the quonset hut and the fence, along the southwestern fenced 
perimeter. This pathway was observed to discharge into the pooled area directly 
outside the fence during storm events. Runoff following storm events has also 
been observed to travel northeast along Trident Lane, towards the end of the cul- 
de-sac, and also southwest, from the roadway towards the gate. 

5.1.1.2 Study Area 9 The Former Pesticide Handling and Storage Area for Main 
Base is located in the southeast portion of Main Base, southeast of Lake Baldwin. 
Building 2132 and a smaller, unnumbered storage building were formerly located 
south of what is now Trident Lane, and directly north of the fourth hole fairway 
of the former golf course (Figure l-5). These buildings were demolished in 1981 
(C.C. Johnson, 1985). There was reportedly a gravel sump located in the area 
where pesticides were mixed. This sump (an open-bottomed 55-gallon drum filled 
with gravel) was excavated and removed as part of the IRA at SA 9 in 1997 
(SOUTHNAVFACENGCOM, 1997b). The IRA report is included in part as Appendix A. 

The shore of Lake Baldwin is approximately 150 feet northwest of the location of 
former Building 2132. Trident Lane.(asphaltpaved) crosses the SA from southwest 
to northeast. There is no shoulder to the rpadway, and there are several small 
patches of bare soil directly adjacent to the road. Shallow drainage swales 
(approximately 2 feet wide and 1 foot deep) border the south and east sides of 
the site (Figure l-5). The ground surface slopes gently towards the eastern ..---* _ 
swale, and there is a slight regional slope towards the northwest (Lake Baldwin). 
The eastern drainage swale crosses under Trident Lane and continues into the 
wooded wetland area bordering Lake Baldwin. During heavy rainfall events, 
overland flow has been observed to travel northeast, along Trident Lane, from the 
site to the eastern drainage swale. 

Aerial photo review indicated a small area directly north of Trident Lane and 
west of the eastern drainage swale that appeared to be a gravel parking lot. 
Subsurface explorations in this area identified a layer of coarse gravel 
approximately 8 inches below the current land surface. 

The site currently consists of a large, flat (i.e., completely within the 95-foot 
elevation contour) grassy field. The entire surface of SA 9 is grass-covered, 
including the area backfilled following the IRA. There are scattered mature 
trees, particularly south of the former building locations. There is no evidence 
of stressed vegetation. Access to the entire area is unrestricted. 

5.1.2 Migration Pathways Based on information gathered during previous 
investigations (e.g., C.C. Johnson, 1985)' and -corroborated during preliminary 
sampling and analysis activities (e.g., Geraghty &Miller, 1986; ABB-ES, 1995b), 
direct spillage or disposal of pesticides and herbicides on the ground surface 
at both SAs and via a sump at SA 9 were the most likely mechanisms for 
introducing contaminants to the environment. Contaminants included pesticide and 
herbicide compounds in both dry and liquid forms, and likely included solvents 
or other carriers used in creating the application mixes. The contaminants may 
have been spilled in solid or liquid form at full strength prior to mixing, x---Y 

during the mixing process, or during cleanup of mixing or application equipment a_ 
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and containers. Given the proximity of the sites to the golf course, and the 
amount of grass cover at the sites, particularly at SA 9, it is also very likely 
that some amount of the contaminants detected is due to routine application. 

Once the contaminants had been introduced to the environment, several migration 
routes were possible (Figure 5-l). The first of these would be airborne 
transport of particulates or dissemination of sprays generated during mixing or 
washing. Routine application of some of the pesticides and herbicides was by 
spraying, as well. Sprays would only have been generated or applied episodical- 
1Y) and the droplets likely traveled very short distances. Transport of 
particulates could occur where contaminated soil particles at the ground surface 
become entrained during windy conditions. Potential transport distances, via 
this pathway, wouldbe dependent on the size and density of the particles .and the 
speed of the entraining air. At the present time, virtually all of SA 9 is 
vegetated, minimizing the potential source of particles for entrainment. SA 8 
has areas of bare soil within the fence and surrounding the buildings and storage 
sheds, which could provide a source for airborne migration. Even here though, 
the current potential for significant migration distances is limited because the 
fenced area is surrounded by trees and other vegetation, which could effectively 
interrupt air flow patterns. 

Rainfall is likely the primary agent driving contaminant migration at OU 3. 
Florida is prone to regular thunderstorms, as well as periodic hurricanes. There 
are two potential migration pathways driven by rainfall. The first is overland 
flow or runoff (Figure 5-l). As rainfall strikes the ground surface, some 
portion-of the liquid will move into the void spaces of the soil. If the void 
space within the soil fills to capacity (which commonly occurs with high 
intensity, short duration rainfall), excess rainfall will begin to move 
horizontally along the ground surface. As the rainfall moves along the surface, 
it may directly entrain soil particles with contaminants adsorbed to them. 
Likewise, raindrops impacting onbare or sparsely vegetated surfaces may dislodge 
soil particles. This process, known as splash erosion, enables the dislodged 
soil particles to become entrained in the surface flow. Overland flolw will 
follow surface topography or preferred flow channels until it is absorbed by the 
ground or reaches a sink of some sort (i.e., drainage ditch, storm sewer, creek, 
lake, etc.) where overland flow stops. At that point, the contaminants may sorb 
to sediment particles, or undergo other physical or chemical transformations, 
depending on the surface water chemistry and other conditions in the local 
environment. 

The second migration pathway at OU 3 that would be driven by rainfall is 
infiltration or percolation (Figure 5-l). Contaminants present within the soil 
matrix may be picked up and migrate along with water as it travels vertically. 
Vertical migration is driven by gravity and affected by the surface tension 
between the water within the pore spaces and the surrounding soil particle 
surfaces. Water-soluble contaminants may also be dissolved by the rainwater and 
transported in the rainwater as it percolates through the vadose zone. 

Vertical migration through the soil column may also occur for contaminants 
originally discharged as liquid mixtures. This would include liquids dumped or 
spilled directly on the ground surface, as well as those disposed of into the 
former gravel sump at SA 9. 
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The leaching or percolation of contaminants from the surface into surrounding and 
underlying soil and groundwater is likely the primary migration mechanism for the ,f-% 
transport of CPCs in soil (Figure 5-l). Significant rainfall, coupled with 
relatively permeable surface soils provide optimum conditions for percolation. 

For groundwater, the primary migration mechanism is horizontal groundwater flow 
that serves to transport contaminants away from the source areas at OU 3 (Figure 
5-l). As discussed previously in Chapter 3.0, the groundwater flow is generally 
in a northwesterly direction, following surface topography towards Lake Baldwin 
from both SAs. Based on observations of groundwater fluctuations in shallow 
wells near the perimeter of the lake and fluctuations in lake levels, it appears 
that the water table and lake levels are closely linked to recharge from 
precipitation. It is also likely that groundwater discharges to Lake Baldwin and 
the adjoining wetlands from OU 3. For contaminants either dissolved in 
groundwater or being carried as particulates in suspension, their fate upon 
discharge to surface water is dependent on the geochemical environment, Possible 
migration routes at this point would include sorption to sediments, or 
precipitation to form new particles, then transport as part of the sediment load, 
or continued dispersion in surface water, following surface water flow patterns. 

5.2 PERSISTENCE AND FATE OF OPERABLE UNIT 3 CONTAMINANTS. The persistence and 
fate of CPCs detected in the surface soil and groundwater in the surficial 
aquifer are summarized in this section. The CPCs are grouped by compound class 
for this discussion. Properties and potential behavior of individual CPCs are 
discussed in more detail in Appendix D. 

5.2.1 Semivolatile 0re;anic ComDounds and Polvchlorinated Biphenvls svocs ‘ j 
detected in surface soils at SA 8 that are considered to be CPCs include 
acenaphthylene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, 
indeno(l,2,3-cd)pyrene, fluoranthene, phenanthrene, andpyrene. 2-Methylnaphtha- 
lene was identified as a CPC in surface soils at SA 9 only. All of these SVOCs 
are classified as PAHs, and behave similarly in the environment. One PCB 
congener, aroclor-1260, was also detected in surface soils at SA 8. It behaves 
similarly to PAHs in the environment, and thus, is included in this discussion. 
Two phthalate esters (di-n-butylphthalate and bis(2-ethylhexyl)phthalate) were 
identified as CPCs in surface soils as well; di-n-butylphthalate was a CPC at SA 
8 only. Phthalates are not known to be used in pesticide or herbicide 
applications; they are, however, common laboratory and sampling artifacts. 

Five SVOCs were identified as .CPCs in groundwater: 2,4-dichlorophenol, 
2-methylphenol, 4-methylphenol, and 2-methylnaphthalene at SA 9, and naphthalene 
at both SAs. 2-Methylnaphthalene and naphthalene are also classified as PAHs. 
The remainder of the contaminants in groundwater are classified as phenolic 
compounds. Naphthalenes and phenolic compounds are used in the manufacturing and 
application of pesticides and herbicides. Refer to Appendix D for additional 
information on each compound class. 

The particular PAHs and the PCB aroclor-1260 detected at,SA 8 have relatively 
high molecular weights. These compounds, with the exception of naphthalenes, 
exhibit low water solubility and high sorption potential to soil, sediment, or 
organic matter, which inhibits leaching or volatilization. As a result, they are n 

persistent, particularly in shallow soils. The analytical results from OU 3 
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support that this is the scenario in both SAs; only naphthalenes are CPCs in 
groundwater. Biodegradation can be a significant fate (removal) mechanism for 
PAHs sorbed to soil or sediment. 

Phenolic compounds are highly soluble in water and do not sorb readily to 
particles or organic matter. Phenolic compounds were not detected in soil at 
either SA. Transport via infiltration of rainwater and migration of groundwater 
are likely mechanisms. Biodegradation is a significant removal mechanism in soil 
and water (Callahan et al., 1979). 

Di-n-butylphthalate and bis(2-ethylhexyl)phthalate were identified as CPCs in 
soil only. Phthalate esters have a very low solubility, indicating they do not 
readily dissolve inwater. Phthalates were not identified as CPCs in groundwater 
at OU 3. 

5.2.2 Pesticides Fifteen pesticide compounds have been identified as CPCs at 
either SA 8 or SA 9 (Table S-l). Pesticide CPCs include alpha-, delta-, and 
gamma-BHC; alpha- andgamma-chlordane; aldrin; dieldrin; endrin; endrin aldehyde; 
endosulfan I; heptachlor; heptachlor epoxide; 4,4'-DDT; 4,4'-DDD; and 4,4'- 
dichlorodiphenyldichloroethene (DDE). All but alpha- and delta-BHC, endrin, 
aldehyde, and endosulfan I were identified as CPCs based on their concentrations 
in soil only, with more of the compounds detected at SA 8. Only DDD, DDT, 
chlordanes, dieldrin, aldrin, gamma-BHC, and endrin were detected in both soil 
and groundwater at either (or both) SAs. More pesticide compounds were 
identified as CPCs in groundwater than in soil at SA 9. Many of the pesticides 
detected (e.g., DDT, endrin, heptachlor, chlordane) have been banned from use in 
the U.S. since the 1980s. 

The presence of some pesticides at.OU 3, particularly the insecticides, may be, 
in part, the result of direct application. In general, the pesticides detected 
have relatively high sorption coefficients, indicating that they tend to adsorb 
to soil, and are resistant to leaching. They are considered very persistent in 
the environment, due to their sorption potential and general resistance to 
biodegradation and other breakdown processes. Refer to Appendix D for additional 
information on each CPC. 

The presence of pesticides in groundwater samples at both SAs, particularly at 
SA 9, may be due to colloidal material containing sorbed pesticides rather than 
dissolved compounds. Given the relatively high water table (less than 5 feet 
bls) at OU 3, particularly during the RI/FS sampling events (late 1997 and early 
1998), groundwater has likely been in direct contact with pesticide-containing 
shallow soils. 

5.2.3 Herbicides Three herbicide compounds, MCPA, MCPP, and 2,4'-D, have been 
identified as human health CPCs at either SA 8 or SA 9 (Table 5-l). An 
additional six herbicide compounds were identified as CPCs for ecological 
receptors only. These are dinoseb, dichloroprop, dalapon, 2,4-DB, 2,4,5-TP 
(silvex), and 2,4,5-T. All but 2,4,5-TP and 2,4,5-T were identified as CPCs in 
soil and groundwater at both SAs. Use of these two compounds has been banned or 
severely restricted in the U.S. since 1985. 

The presence of herbicides at OU 3 may be, in part, the result of direct 
application to grassy areas (such as SA 9) and golf course fairways., The 
herbicides detected are generally sold as salts, to be mixed with water or oils 
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for application. They are highly soluble compounds that leach readily from soil. 
The exceptions to this are 2,4,5-T and 2,4,5-TP. These two compounds have high f--k 
sorption coefficients, so they tend to bind to soil particles if applied on land. 
They are the only two herbicide CPCs not detected in groundwater at either SA. 
Herbicide CPCs willbiodegrade in soil or water, with the rate of biodegradation 
controlled by Eh, pH, and organic content. 

5.2.4 Inorpanics Inorganics identified as CPCs are aluminum, antimony, arsenic, 
barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead, manganese, 
mercury, selenium, silver, vanadium, and zinc. Virtually all of these compounds 
are known to occur as components of pesticides or herbicides, although they also 
are naturally occurring mineral components of soil. Unlike organics, these 
elements are persistent because they do not degrade readily in the environment. 
Their fate depends on the metabolic and physical or chemical processes prevalent 
at SAs 8 and 9, as discussed in Chapters 3.0 and 4.0. Refer to Appendix D for 
additional information on individual inorganics. 

The particular valence state or complex in which each inorganic analyte exists 
in the environment is largely determined by the pH and Eh conditions. In 
general, reducing conditions were measured in groundwater at both SAs, based on 
Eh values (measured values ranged from -201.5 to +51 mV). Soil pH values ranged 
from 5.47 to 8.08 units, while groundwater pH values ranged from 3.39 to 6.87. 
Sample analysis for iron oxides indicate that they are not present at concentra- 
tions sufficient to significantly affect the behavior of other inorganics such 
as arsenic. 

In general, inorganic compounds tend to sorb to soil or form insoluble complexes ,-T 
(e.g., oxides or hydroxides) under reducing conditions. Notable exceptions at 
OU 3 include arsenic, which is known to occur primarily as trivalent arsenic 
(refer to Section 4.4 for arsenic speciation discussion), a more soluble form. 
The presence of inorganics in groundwater may be from dissolved concentrations 
leached from soil or from naturally occurring or contaminated colloidal material 
suspended in and carried by groundwater. 

5.3 CONTAMINANT MIGRATION. The following is a summary of the potential behavior 
of the specific compounds detected at OU 3. Contaminant migration is evaluated 
for all relevant environmental media in both SAs 8 and 9. 

5.3.1 Studv Area 8 Contaminants, in the form of pesticide and herbicide 
formulations, were introduced to the environment at SA 8 primarily through direct 
input to soil (e.g., spills, cleaning of equipment). CPCs in soil include 12 
PAHS, 2 phthalate esters, 10 pesticides, 9 herbicides, and 15 inorganics, as 
summarized in Table 5-l. Naphthalene, several herbicides, pesticides, and 
inorganics are CPCs in groundwater. 

The estimated period of activity at this site involving pesticide and herbicide 
use is 30 years (ca. 1969 to present). Activity (and therefore, potential for 
contaminants to enter the environment) was likely highest during the 1980s. 

Multiple hot spots of contaminated surface soil (maximum excavation depth of 2 
feet bls) were removed from SA 8 in late 1997, thereby reducing the potential 
source of contaminants to other media. A simple comparison of the number of CPCs K----t 

in soil at SA 8 versus the number of CPCs in soil at SA 9 suggests that removal 
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actions were less effective at SA 8. This is likely, given the limited 
accessibility of contaminated soils due to the presence of pavement and multiple 
buildings or structures in close proximity. 

As discussed in Section 5.1, the primary means of contaminant transport at SA 8 
was physical movement of soil and CPCs by water, either through overland flow or 
infiltration. Migration of surface runoff carrying contaminants sorbed t:o soil 
or as dissolved constituents via surface runoff likely accounts for the 
distribution of CPCs in the wetlands area downslope from the site. And although 
infiltration is currently limited in the area of highest contamination due to 
pavement andbuilding cover, surface soils are relatively permeable at this site, 
and the number of structures was probably smaller in the past, providing more 
potential surface area for infiltration. 

Most of the CPCs at SA 8 have high sorption coefficients, indicating that they 
prefer to remain bound to soil particles. In particular, PAHs, inorganics, and 
pesticides are most likely to sorb to soil particles where they tend to remain, 
subject to biodegradation, photolysis, and other processes. As evidenced by 
analytical results, sorption tends to be a dominant process for the CPCs at SA 8; 
49 CPCs were identified in soils, while only 16 of these were considered CPCs in 
groundwater (Table 5-l). Of the 16 detected in both soil and groundwater, 7 were 
highly soluble herbicides. 

Shallow groundwater at SA 8 likely discharges to Lake Baldwin and the bordering 
wetlands. Recharge is primarily from precipitation. Contaminants carried in 
colloidal suspension in groundwater or as dissolved constituents could enter 
surface water in this way. Because many of the CPCs at SA 8 are relatively 
insoluble and tend to sorb to soil particles, it would be expected that the CPCs 
identified for groundwater would be a shorter list. Analytical results support 
this, as discussed in the preceding paragraph. The potential fate and transport 
of those CPCs present in groundwater is dependent on a number of factors 
including pH and Eh of the aquifer, organic content of the aquifer, and potential 
travel time. In general, groundwater pH is slightly acidic, and Eh suggests 
reducing conditions are present locally. Such conditions result in many 
contaminants, most notably arsenic (III), remaining as dissolved constituents. 

Horizontal groundwater seepage velocity is a calculated value representing the 
speed at which groundwater ideally moves through the available pore spaces of the 
aquifer. Horizontal groundwater seepage velocity is calculated by multiplying 
the average hydraulic conductivity (2.74 ft/day; Table 3-2) by the hydraulic 
gradient (0.005 ft/ft under average conditions) and dividing by the effective 
porosity. Calculations for conductivity and gradient are included in Section 
3.6; effective porosity is, by definition, some fraction of total porosity 
(Fetter, 1980). Assuming an average porosity value of 0.35 for silty sands 
(Fetter, 1980), an effective porosity of 0.30 is assumed reasonable for SA 8. 
The estimated seepage velocity for SA 8 is calculated to be 0.046 ft/day (16.7 
feet per year [ft/year]). 

Multiplying the average horizontal seepage velocity by the estimated active 
operation period of SA 8 (30 years) results in a calculated total horizontal 
migration distance for potential contaminants in shallow groundwater of 
approximately 500 feet. However, contaminants potentially migrating from the 
site via groundwater have not yet reached Lake Baldwin (approximate travel 
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distance of 135 feet from the center of the site), but have reached the bordering 
wetlands. t-----h 

The fate of contaminants once they reach surface water is dependant primarily on 
the Eh and pH of the water and sediment, as well as the organic content of the 
sediment. Biodegradation is reportedly a significant factor in removal of many 
of the CPCs identified at SA 8, as discussed in Section 5.2. Current groundwater 
conditions suggest a reducing environment is present, which enhances biodegra- 
dation of many CPCs. 

Based on the fate and persistence characteristics of the CPCs, and the most 
likely transport mechanisms, it is.expected that off-site migration of contami- 
nants is limited, both in distance and variety of contaminants. Furthermore, 
organic contaminants, such as the PAHs, pesticides and herbicides, are expected 
to degrade over time, either in place (soil) or as they migrate (groundwater), 
while the inorganics tend to sorb to soil and remain near the point of 
introduction to the environment. 

5.3.2 Study Area 9 Contaminants, in the form of pesticide and herbicide 
formulations, were introduced to-the. environment at SA 9 through direct input to 
soil (e.g., spills, cleaning of equipment), as well as direct injection to the 
subsurface via a gravel sump. CPCs in soil include 2 SVOCs, 5 pesticides, 7 
herbicides, and 10 inorganics, as summarized in Table 5-l. Naphthalene and 
phenolic compounds, 7 herbicides, 12 pesticides, and 9 inorganics were identified 
as CPCs in groundwater. 

The estimated period of activity at this site involving pesticide and herbicide F----k 
use began approximately 30 years ago (ca. 1969) and ended in 1972. Active 
introduction of contaminants to the environment reportedly ceased in 1981 when 
Building 2132 was demolished. 

A significant volume of contaminated soil (ground surface to the water table in 
most of the excavation with a maximum depth of 5 feet bls in specific areas) was 
removed from SA 9 in late 1997, thereby reducing the potential source of 
contaminants to other media. A comparison of CPCs in soil at SA 8 versus CPCs 
in soil at SA 9 suggests that removal actions were much more effective at SA 9. 
This is further supported by comparing the CPCs in soil at SA 9 to the CPCs in 
groundwater; significantly fewer organic compounds were detected in soil than in 
groundwater at SA 9. 

As discussed in Section 5.1, the primary means of contaminant transport at SA 9 
was physical movement of soil and CPCs by water, either through overland flow or 
infiltration. Migration of surface runoff carrying contaminants sorbed to soil 
or as dissolved constituents via surface runoff likely accounts for the 
distribution of CPCs in the drainage swales bordering the site. Infiltration is 
currently, and probably was historically, a significant transport mechanism due 
to the lack of impervious cover. 

Most of the CPCs at SA 9 have high sorption coefficients, indicating that they 
prefer to remain bound to soil particles. In particular, inorganics and 
pesticides are most likely to sorb to soil where they tend to remain, subject to 
biodegradation, photolysis, and other processes. 
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Shallow groundwater at SA 9 likely discharges to Lake Baldwin and the bordering 
wetlands. Recharge is primarily from precipitation. Contaminants carried in 
colloidal suspension in groundwater or as dissolved constituents could enter 
surface water in this way. The potential fate and transport of those CPCs 
present in groundwater is dependent on a number of factors including pH and Eh 
of the aquifer, organic content of the aquifer, and potential travel time. In 
general, groundwater pH is slightly acidic, and Eh suggests reducing conditions 
are present locally. Such conditions result in many contaminants, most notably 
arsenic (III), remaining as dissolved constituents. 

Horizontal groundwater seepage velocity is a calculated value representing the 
speed at which groundwater ideally moves through the available pore spaces of the 
aquifer. Seepage velocity is calculatedby multiplying the hydraulic conductivi- 
ty (ranges from 0.07 to 0.21 ft/day at SA 9) by the hydraulic gradient (0.005 
ft/ft under average conditions) and dividing by the effective porosity. 
Calculations for conductivity and gradient are included in Section 3.6; ef:Eective 
porosity is, by definition, some fraction of total porosity (Fetter, 1980). 
Assuming an average porosity value of 0.35 for silty sands (Fetter, 1980), an 
effective porosity of 0.30 is reasonable for SA 9. The estimated seepage 
velocity for SA 9 is calculated to range from 0.41 ft/year to 1.27 ft/year. 

Multiplying the horizontal seepage velocities by the estimated period of release 
at SA 9 (30 years) results in a calculated total horizontal migration distance 
for potential contaminants that ranges from 12.4 feet to 38.1 feet. These values 
suggest that contaminants potentially migrating from the site via groundwater 
have not moved significantly from their point of origin, nor have they likely yet 
reached Lake Baldwin (approximate travel distance of 150 feet from the former 
building location). This is supportedby the groundwater analytical results from 
wells installed between the former building location and the lake. 

The fate of contaminants once they reach surface water is dependant primarily on 
the Eh and pH of the water and sediment, as well as the organic content of the 
sediment. Biodegradation is reportedly a significant factor in removal of many 
of the CPCs identified at SA 9, as discussed in Section 5.2. Current groundwater 
conditions suggest a reducing environment is present, which enhances biodegra- 
dation of many CPCs. 

Based on the fate and persistence characteristics of the CPCs, and the most 
likely transport mechanisms, it is expected that off-site migration of contami- 
nants is limited, both in distance and variety of contaminants. Furthermore, 
organic contaminants, such as the pesticides and herbicides, are expected to 
degrade over time, either in place (soil) or as they migrate (groundwater), while 
the inorganics tend to sorb to soil and remain near the point of introduction to 
the environment. 
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6.0 HUMAN HEALTH RISK ASSESSMENT 

An HUE%, has been conducted as part of the RI completed for NTC, Orlando OU 3. 
The purpose of the HHRA is to characterize the human health risks associated with 
potential exposures to site-related contaminants in environmental media present 
at and migrating from OU 3. 

This section includes the characterization of the risks associatedwith potential 
exposures to site-related contaminants detected at OU 3 for human health 
receptors. This risk assessment is organized as follows: Section 6.1 describes 
the approach and includes seven subsections: Subsection 6.1.1, Data Evaluation; 
Subsection 6.1.2, Selection of Human Health CPC); Subsection 6.1.3, E:xposure 
Assessment; Subsection 6.1.4 Toxicity Assessment; Subsection 6.1.5, Risk 
Characterization; Subsection 6.1.6, Uncertainty Analysis; and Subsection 6.1.7, 
Remedial Goal Options (RGOs). Section 6.2 includes the risk assessment for the 
Greenskeeper's Storage Area (SA 8), and Section 6.3 includes the risk assessment 
for the Former Pesticide Handling and Storage Area (SA 9). Appendices E-l 
through E-9 provide documentation of various aspects of this risk assessment. 

6.1 APPROACH. This HHRA is conducted in accordance with the USEPA's Risk 
Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part 
A) (USEPA, 1989a), Guidance for Data Useability in Risk Assessment (Part A), 
Final (USEPA, 1992a), andRegion IV Risk Assessment Guidance (USEPA, 1995a). The 
HJJRA also considers FDEP guidance, particularly Florida SCTLs and GCTLs, 
respectively (FDEP, 1998), and numerous other USEPA guidance documents and 
directives (USEPA, 1986, 1989c, 1991a, 1992b, 1992c, 1995a). The HHRA is 
conducted to determine if contamination at SAs 8 and 9 pose potential health 
risks of concern to individuals under current and/or foreseeable future site 
conditions in the absence of re'mediation. The HERA consists of several 
components: data evaluation, identification of CPCs, exposure assessment, 
toxicity assessment, risk characterization (including uncertainty analysis) 
(USEPA, 1989a), a risk assessment summary, and discussion of remedia:L RGOs. 
Collectively, these components are used to identify site-related contaminants and 
estimate the potential magnitude of exposure and the risks resulting from the 
estimated exposure conditions. An overview of the technical approach useci in the 
NTC, Orlando OU 3 HHRA is presented here. 

Background information relevant to the OU 3 HHRA is presented in other sections 
of this report. The location, physical description, and history associated with 
the Greenskeeper's Storage Area and the Former Pesticide Handling and Storage 
Area are described in Sections 1.3 and 1.4, respectively. Surface soil and 
groundwater samples were collected during the RI (Sections 2.1 and 2.4, 
respectively). Subsurface soil samples were not collected due to the high water 
table. After evaluation and management of the environmental data collected at 
SAs 8 and 9 (Chapter 2.0), CPCs were selected and the potential human health 
risks associated with each medium were characterized separately for SAs 8 and 9. 

6.1.1 Data Evaluation The data evaluation involves numerous activities 
including: data sorting by medium; evaluation of analytical methods; eva:Luation 
of SQLs; evaluation of data quality with respect to qualifiers and codes; 
evaluation of tentatively identified compounds (TICS); comparison of potential 
site-related contamination with background; and data set development for use in 
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risk assessment. A brief summary of the sampling and analysis activities 
conducted to date, and a description of each of these activities are provided /"s, 

below. 

Available Data. A thorough discussion of all data collection activities and a 
presentation of the analytical data are provided in previous sections of this 
RI/FS report and in its appendices. The available analytical data for SAs 8 and 
9 consist of surface soil and groundwater sampling and analytical results. 

6.1.1.1 Evaluation of Analytical Methods A detailed discussion of the 
analytical methods employed in developing analytical environmental data is 
presented in Chapter 2.0. Data used in this risk assessment are the result of 
analyses conducted under the CLP with documented QA/QC procedures. The 
analytical data are further evaluated for useability in the quantitative risk 
assessment by evaluating quantitation limits, evaluating qualified and coded 
data, comparing concentrations detected in samples to concentrations detected in 
blanks, and evaluating TICS. 

6.1.1.2 Evaluation of SQLs SQLs are compared to Federal RBCs and Florida SCTLs. 
SQLs are also compared to Federal RBCs for tap water, and FGGCs and GCTLs for gr- 
oundwater. Analyte-specific SQLs above RBCs are identified so that uncertainties 
in risk estimates for those analytes can be discussed. 

6.1.1.3 Evaluation of Qualified and Coded Data Both the laboratory and data 
validators may assign qualifiers to analytical results. Qualifiers assigned by 
the data validators supersede the laboratory qualifiers. The results of the data 
validation are discussed in Chapter 4.0, and the validated data, with qualifiers, 

" are presented in Appendix D. All positive detections (whether they are 
unqualified or qualifiedwith a "J") havebeen considered detected concentrations 
for the risk assessment. All nondetects (qualified with a "U") will be retained 
in the risk assessment data set as samples without positive detections. If all 
sample results for a given analyte in a given medium are nondetects, then that 
analyte will not be retained as a detected analyte for the purposes of the risk 
assessment. Any sample results with an "R" validation qualifier will be 
eliminated from the risk assessment data set because quality control indicates 
that the result is unusable. 

6.1.1.4 Comparison of Concentrations Detected in Samples to Concentrations 
Detected in Blanks Sample concentrations are compared to the concentrations in 
associated blanks in order to distinguish artifacts from actual presence of 
analytes in environmental samples. The comparisons will be conducted as part of 
the data validation process, which has been previously discussed in this report. 
Those sample results considered artifacts will be identified in the data 
validation report. 

6.1.1.5 Evaluation of TICS TICS (where both identity and concentration are 
uncertain) are reviewed. If the number of TICS is small relative to the TAL and 
target compound list (TCL) chemicals and there is no historical information to 
suggest the TICS should be present, the TICS will not be quantitatively 
evaluated. If the number of TICS is large relative to the TAL and TCL chemicals, 
the TICS will be included in the quantitative evaluation, and the uncertainty in 
the identity and concentrations of these analytes will be fully discussed in the 
uncertainty analysis. ,)7 
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concludes with a summary of data and statistics generation for each media- 
specific data set. Summary tables provide the chemical name, frequency of 
detection, minimum andmaximum detected concentrations, units associatedwith the 
results, minimum and maximum quantitation limits, and the average of the detected 
concentrations. These tables are produced for each SA and medium at OU 3. The 
data sets used in the risk assessment are identified in Subsection 6.2.1 for SA 
8 and Subsection 6.3.1 for SA 9. 

6.1.2 Selection of Human Health Chemicals of Potential Concern (CPCs) CPCs are 
defined as: chemicals for which data of sufficient quality are available for use 
in the risk assessment; chemicals that are potentially site related; and 
chemicals that have maxim&m detected concentrations above standards or 
guidelines, including risk-based screening concentrations (where availablle) and 
background screening concentrations (for inorganic analytes where available). 
The methodology used to sele'ct CPCs is described here. 

Contaminants for which data 'of sufficient quality are available for use in the 
risk assessment and that are present at concentrations greater than those 
measured at background locations (inorganics only) are the starting point for the 
list of CPCs. The final list of CPCs is generally a subset of all compounds 
detected in the various media. CPCs are selected based on concentration and 
frequency of detection; physical, chemical, and toxicological characteristics; 
and comparison of detected values to background, associated blanks, and risk- 
based values. 

I 

In selecting CPCs, USEPA criteria will be used (USEPA, 1989a and USEPA, 1995a). 
CPCs at SAs 8 and 9 will include chemicals that are positively identified in at 
least one sample. For each medium at SAs 8 and 9, the following criteria will 
be employed to exclude detected analytes from the list of CPCs. Each criterion 
by itself is justification for excluding the analyte: 

A. The maximum reported site concentration is less than the background 
screening concentration (USEPA, 1995a). 
background screening 

In this HHRA, the 
concentration is equal to two times .the 

reported average of the detected background concentrations 
(inorganics only) calculated from background sampling location 
data, as agreed upon by the OPT and detailed in the Background 
Sampling Report (ABB-ES, 1995a). 
presented in Paragraph 6.1.2.1. 

Details of this approach are 

B. 

C. 

The maximum reported concentration in a given medium is less than 
the corresponding risk-based screening concentration(s) or other 
guidance values{ Risk-based screening concentrations are obtained 
from USEPA and :the State of Florida regulations (USEPA, 1998a; 
FDEP, 1998). I n situations where multiple screening values are 
available, a chehical is excluded only if its maximum concentration 
is less than all;of the corresponding screening values. Paragraphs 
6.1.2.2 and 6.1.2.4 apd Appendices E-l and E-2 provide additional 
detail concern&g risk-based screening and regulatory guidance 
values used in CPC selection. 

I 
The average cdncentration of an 

i 
essential nutrient (sodium, 

calcium, 
magnes I umy 

and potassium) in a medium is below a toxic 

I 
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level and consistent with or only slightly above the background 
concentration for that essential nutrient. The CPC selection 
process for essential nutrients'is further described in Paragraph 
6.1.2.3 and Appendix E-3. 

f---x 

D. The concentrations are within 5 times or 10 times the concentra- 
tions in associated blanks (USEPA 1989b, USEPA 1992a). This 
evaluation is conducted as part of the data validation process. 

E. Having a frequency of detection (number of samples in which the 
analyte is detected divided by the number of samples analyzed for 
that analyte) of less than 5 percent when there is a minimum of 20 
samples (USEPA, 1989b) and the analyte is not a CPC in another 
medium. 

The selection of a carcinogenic PAH as a CPC in a particular medium required that 
other carcinogenic PAHs detected in that medium be returned as a CPC, even if 
their maximum detected concentrations are less than the available screening 
values (USEPA, 1989b). Medium-specific CPCs for human health are identified for 
each medium at SAs 8 and 9. Chemicals not identified as CPCs are clearly 
identified and the justification for their exclusion noted. Transformation 
products or parent compounds of CPCs are not deleted from the CPC list. 

6.1.2.1 Background Data The baseline risk assessments conducted at OU 3 used 
a background screening concentration as part of the CPC selection per USEPA 
Region IV guidance (USEPA, 1995a). The Region IV guidance states that CPCs would 
include "inorganics which are detected at concentrations significantly above ,--* 
background samples (the criteria for determining significance should generally 
be 2 times the background concentrations)." This statement applies to all media. 
In this HHRA, the background screening concentration has been defined as a 
comparison of the maximum detected potential source of contamination concentra- 
tion to two times the arithmetic mean of the detected background concentrations, 
as agreed upon by the OPT and detailed in the Background Sampling Report (ABB-ES, 
1995a). 

The comparison is conducted as follows. Maximum detected concentrations are 
compared to two times the background mean concentration for inorganics. Organic 
analytes are not considered in the background evaluation. If the maximum 
detected concentration is below two times the arithmetic mean of the background 
location samples, the analyte is considered to be consistent with background 
location concentrations. This approach is conservative in that it is likely to 
identify certain analytes as being inconsistent with background (including them 
as CPCs) even though the distribution of concentrations onsite is very similar 
to that of the background data set. The documentation of the background data 
sets, including sample lists and statistics, appears in the Background Sampling 
Report (ABB-ES, 1995a). 

6.1.2.2 Risk-Based Screening Tables of medium-specific risk-based concentra- 
tions and standards and guidelines are presented in Appendices E-l and E-2. The 
USEPA Region III RBC Table's (USEPA, 1998a) residential soil RBCs (adjusted for 
a hazard quotient of 0.1) and FDEP's SCTLs for Florida are used to select CPCs 
in surface soil. CPCs are selected for groundwater using the USEPA Region III 
RBC Table's (USEPA, 199,8a) tapwater RBCs (adjusted for ahazard quotient of O.l), n 

and Florida GCTLs (FDEP, 1998). 
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For a given medium, the maximum reported concentration will be compared to the 
corresponding screening value. If the maximum reported concentration is greater 
than the screening concentration, the contaminant will be selected as a CPC. 
However, if the maximum reported concentration is less than the RBC, the analyte 
will not be selected as a CPC unless it is a parent compound or transformation 
product of another CPC. 

No RBC is available for lead in soil. Based on USEPA recommendation, a target 
level for cleanup at Superfund sites for lead of 400 milligrams per kilogram 
(mg/kg) is used as the RBC for lead in soil (USEPA, 1994a). The published 
Florida SCTL for lead is 500 mg/kg (FDEP, 1995). The risk-based screening value 
does not address potential leaching of analytes from soil to groundwater. 

Surrogates were chosen for those chemicals for which no RBC values exist. 
Surrogates were selected based on structural and toxicological similarities with 
the chemical. Pyrene was used as a surrogate for acenaphthylene, benzo(g,h,i)- 
perylene, and phenanthrene. Dichloroprop is structurally similar to both 2,4-D 
and 2,4-DB, so the most conservative RBC value was selected. For surface soil, 
2,4-DB was used as the surrogate; and for groundwater, 2,4-D was used as the 
surrogate. Additionally, for those chemicals with multiple isomers of which some 
do not have an RBC value, an isomer with an RBC value was used. 

6.1.2.3 Essential Nutrients In the HHRA, analytes that are considered essential 
nutrients include sodium, potassium, magnesium, iron, and calcium. If an 
essential nutrient is present at a concentration that is below a toxic level (as 
defined in Table 6-l) and consistent with or only slightly above the bac'kground 
concentration (twice the reference mean), the analyte is eliminated as a CPC for 
the HHRA. In the HHRA, iron and sodium are screened against their respective RBC 
or Florida drinking water standards value. If iron or sodium are determined to 
be risk drivers, the calculated essential nutrient screening concentrations can 
provide the risk manager with additional information, although they will not be 
used for screening. The derivation of the essential nutrient screening values 
is presented in Appendix E-3. This approach is consistent with general USEPA 
guidance on essential nutrients (USEPA, 1989a). 

The Risk Assessment Guidance for Superfund (RAGS), Volume I, Part A, regarding 
the evaluation of essential nutrients (calcium, iron, magnesium, potassium, and 
sodium) in a public health or ERA, states that essential nutrients need not be 
quantitatively evaluated if they are (1) present at low concentrations (only 
slightly above background) and (2) toxic only at doses much higher than those 
that might be related to exposure at the site (USEPA, 1989a). In this report, 
"only slightly above background" is interpreted to mean that the maximum detected 
concentration is less than two times the arithmetic mean of the detected 
background concentrations. Essential nutrients detected at concentrations that 
are consistent with background or at concentrations considered essentially 
"nontoxic" are considered to be contaminants that would not cause a public health 
concern and, therefore, are not evaluated further in the risk assessment. 

6.1.2.4 Regulatory Guidance Regulatory guidance available for the NTC, Orlando 
OU 3 RI and HHRA includes the Federal drinking water standards which are called 
MCLs (USEPA, 1995b) (not used for screening purposes), Florida GCTLs (FDEP , 
1998), and Florida "free froms." Based on the water quality standards for the 
State of Florida (Florida Legislature, 1994b) under Section 62-3.402, Florida 
Administrative Code (FAC), groundwater must be "free from" domestic, industrial, 
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agricultural, or other manmade nonthermalcomponents in concentrations that could 
cause harm to human health, especially cancer (62-3.402(b)). f--x 

Table 6-l 
Essential Nutrient Screening Concentrations 

for Surface Soil and Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Essential Nutrient Surface Soil Screening Concentration (mg/kg) ” Groundwater Screening Concentration (M/1) ’ 

Calcium 1,000,0002 1,055,398 

Iron 47,824 13,267 

Magnesium 460,468 118,807 

Potassium 1,000,0002 297,016 

Sodium 1 ,000,0002 396,022 

’ Screening concentrations are derived in Appendix E-3, ‘lron’and so&m’&ncentrations were “screen&);$‘against re&ra%ry 
standards for chemicals of potential concern selection. 
’ Actual calculated screening concentration is greater than 1 ,OOO,OOO mg/kg (Appendix E-3), indicating that this essential 
nutrient would not be present at toxic levels in surface soil. 

Notes: mg/kg = milligrams per kilogram. 
jfg/P = micrograms per liter. 

There are also Florida SCTLs promulgated in the Brownfields Cleanup Criteria Rule 
(FDEP, 1998). While NTC Orlando does not meet the regulatory definition of a 
Brownfield, these values are used in this HHRk per FDEP direction. There are 

,f-----? 

SCTLs for residential and industrial exposure scenarios for surface soil as well 
as a SCG based on leachability to groundwater. The published values for 
leachability are available only for organics. The leachability values will be 
used for screening analytes in soil that are selected as CPCs in groundwater. 

6.1.3 Exposure Assessment The exp'osure assessment is conducted to estimate the 
pathways by which humans are potentially exposed, the magnitude of actual and/or 
potential human exposure, and the frequency and duration of exposure. This 
process is performed for both current and future site land uses. This process 
involves several steps: 

. characterization of the exposure setting in terms of physical charac- 
teristics and the populations that may potentially be exposed to site- 
related chemicals; 

. identification of potential exposure pathways and receptors; and 

. quantification of exposure for each population in terms of the amount 
of chemical either ingested, inhaled, or absorbed through the skin from 
all complete exposure pathways. 

6.1.3.1 Characterization of Exposure Setting The physical setting and 
demographics near the waste site are identified (Chapter 3.0). The physical 
setting is characterized in terms, of the following attributes: climate, 
meteorology, geology, vegetation, soil type, groundwater, and surface water f----k 

(Chapter 2.0). The information generated from the evaluation of the physical 
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setting aids in defining the physical mechanisms that control or influence how 
people could be exposed to contaminants at a waste site and provides information 
on the potential migration of contaminants. 

Demographics are also characterized and identified for (1) the populations 
residing or working near the waste site; (2) the activity patterns of residents 
and/or workers; and (3) if any exist, the locations of potentially sensitive 
subgroups. Sources of this information include (1) site visits, (2) previous 
investigations, (3) information generated during the RI, (4) maps, (5) aerial and 
standard photographs, and (6) Navy personnel interviews. Key to this activity 
is determining current and foreseeable future land use of the waste site and 
surrounding areas (e.g., residential, commercial and industrial, or recreation- 
al). 

SAs 8 and 9 are within the Main Base and are adjacent to Lake Baldwin and on-base 
officer housing. Current land use at the Main Base consists of activities 
associated with the barracks, training facilities, administrative buildings, 
drill fields, and recreational areas. The Main Base is surrounded by urban 
development, including single and multi-family housing, schools, and commercial 
development. Land uses directly west and northwest of the facility are mainly 
residential. To the southwest of the Main Base, land use is commercial. Herndon 
Airport is located 1.5 miles to the south of the Main Base. No industrial 
facilities exist adjacent to the Main Base, except for automotive repair 
facilities on the southwest property line (ABB-ES, 1994a). 

The Main Base obtains its drinking water supply from the Orlando Utilities 
Commission and Winter Park Utilities (ABB-ES, 1994a). One of the Orlando 
Utilities Commission's supply wells is located at the southeast corner of the 
Main Base. In addition, 10 irrigation wells are present on the Main Base. 

6.1.3.2 Identification of Exposure Pathways and Receptors The purpose of this 
step in the exposure assessment is the identification of all relevant exposure 
pathways through which specific populations may be exposed to contaminants at the 
site under current and future land use. An exposure pathway consists of four 
necessary elements: a source or mechanism of chemical release, a transport or 
retention medium, a point of human contact, and a route of exposure at the point 
of contact (USEPA, 1989a). Exposure pathways that have these elements are 
considered complete pathways. Only complete exposure pathways are evaluated in 
the HHRA. 

In most cases, the source of contamination is either in the soil, or soil is the 
initial receiving medium. There are several mechanisms for migration of 
contaminants from soil. Contaminants may accumulate in plants and anima:Ls that 
are in contact with soil or are in food chains that include biota in direct 
contact with soil. Mechanisms for migration into air include volatilization 
(primarily VOCs) and wind erosion of contaminated soil (all types of contami- 
nants). Overland flow of water can result in migration of contaminants to 
surface water and sediment and in relocation to other surface soil (all tlypes of 
contaminants). Infiltration can result in migration into subsurface soil and 
into groundwater (soluble contaminants). Contaminants can be transported in 
groundwater (primarily soluble VOCs, SVOCs, and inorganics) and may potentially 
also discharge to surface water. Analytes can also be transferred to sediment 
(generally insoluble forms of inorganics and relatively insoluble SVOCs and 
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pesticides) and to fish (primarily nonpolar organics and some inorganics that 
tend to accumulate in tissue) and other biota. 

Human receptors are identified based on the current and potential future land 
uses. Receptors commonly include future residents (when reasonably expected), 
excavation workers, current site workers, commercial workers, and recreational 
users. Exposure scenarios are constructed to evaluate each receptor. Medium- 
specific receptors and exposure scenarios have been identified for current and 
future land use for each SA (Subsections 6.2.3 and 6.3.3). 

6.1.3.3 Quantification of Exposures Once complete exposure pathways are 
selected for evaluation (Paragraph 6.1.3.2), the final step of the exposure 
assessment is to quantify exposure (i.e., intake) for each pathway. This 
quantification process involves developing assumptions regarding exposure 
conditions and exposure scenarios for each receptor to estimate the total amount 
of contaminants that a potential receptor may ingest, dermally absorb, or inhale 
from each exposure pathway. These exposure scenarios are based on several 
variables, which can be grouped into chemical-, population-, and assessment- 
related variables. 

The ultimate goal of this step, as defined in USEPA guidance, is to identify the 
combination of these exposure variables or parameters that results in the most 
intense level of exposure that may "reasonably" be expected to occur under 
current and future site conditions (USEPA, 1989a). This is performed for every 
complete exposure pathway selected for eva'luation (Appendix E-4). The resulting 
exposure scenarios are referred to as the reasonable maximum exposure (RME) for 
each exposure pathway. More recent USEPA guidance (USEPA, 1992~) recommends 
developing two exposure scenarios, an average exposure, or central tendency, and 

*ck, 

a "high end," or RME. This guidance also suggests that other uncertainty 
analyses, including Monte Carlo analysis, canbe useful inputting risk estimates 
into perspective. 

Chemical-Related Variable. The chemical-related variable is the exposure point 
concentration (EPC). An exposure point consists of a receptor and an exposure 
locale, for example, if a residential development at a hypothetical site used a 
private well screened in the contaminated aquifer, then the tap would be the 
exposure point. The EPC is the representative concentration within the exposure 
point. The EPCs are calculated in a manner consistent with USEPA guidance 
(USEPA, 1989a; 1992c; 1995a). The EPCs for surface soil are, with exceptions 
noted below, the 95 percent upper confidence limit (UCL) on the arithmetic mean 
of the concentrations in the data set used to evaluate exposure. The following 
equation for calculating the UCL on the arithmetic mean for a lognormal 
distribution (USEPA, 1991a; 1992d) is used to calculate all UCLs: 

where: 

UCL = upper confidence limit on the mean, 
e = constant (base of the natural log, equal to 2.718), 
xbar = mean of transformed data, 
S = standard deviation of the transformed data, 

( z + 0.5 6 + sH) 
UCL = e m (2) 
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H = H-statistic (from tab,;+ $&fished in Gilbert, / 1987), and 
n = number of samples. 

In calculating the 95 percent UCLs, nondetects are assigned a value of one-half 
the associated reporting limits in the calculation of the arithmetic mean. In 
cases where there are fewer than ten samples or where the UCL is greater than the 
maximum detected concentration, the maximum detected concentration is identified 
as the EPC. For groundwater, the EPC is the lesser of the maximum detected 
concentration and the arithmetic mean of samples from wells within the plume. 

An additional analysis was performed for the carcinogenic polynuclear aromatic 
hydrocarbons (cPAHs) concentration to calculate totalbenzo(a)pyrene equivalents. 
For each sample in a given medium, the concentration of each of the seven cPAHs 
were adjusted by their respective toxicity equivalency factor (TEF) (Table 6-2). 

Table 62 
Toxicity Equivalency Factors for 

Carcinogenic Polynuclear Aromatic Hydrocarbons 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

L 
Polynuclear Aromatic Hydrocarbon I Toxicity Equivalency Factors 

- 
Benzo(a)pyrene 1 

Benzo(a)anthracene 0.1 

Benzo(b)fluoranthsne 0.1 

Benzo(k)fluoranthene 0.01 

Chrysene 0.901 

Dibenz(a,h)anthracene 1 

Indeno(l,2,3c,d)pyrene 0.1 

Source: U.S. Environmental Protection Agency (USEPA, 1993a). 

The benzo(a)pyrene equivalent concentration relative to a single cPAH in a single 
sample is calculated by the following equation: 

C = TEF, X CA (3) 
BE!2 

where: 

'BEQ = benzo(a)pyrene equivalent concentration 
CA = concentration for a given cPAH; 
TEF, = TEF for a given cPAH 

The equivalent concentrations for the seven cPAHs were then summed to determine 
a total benzo(a)pyrene equivalent for each sample (Appendix 
then determined for total benzo(a)pyrene equivalents in the 
other CPCs. Risks were calculated for total benzo(a)pyrene 
than for an individual cPAH. 

E-5). The E:PC was 
same manner as the 
equivalents rather 
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Population-Related Variables. Population-related variables describe the 
characteristics of a potential individual .receptor within each potentially -.----.. 

exposed population. These variables include contact rates, such as exposure 
frequencies and ingestion rates, and physical characteristics of human bodies, 
such as body weights and surface areas. When applicable, contact rates are 
selected from USEPA standard default exposure factor guidance (USEPA, 1991a) or 
USEPA dermal guidance (USEPA, 1992b). If site-specific factors indicate that 
such parameters are not appropriate, alternative parameters are used based on 
knowledge of human behavior and the relative accessibility of a site. Parameters 
describingthephysicalcharacteristics of the exposed populations are identified 
from appropriate USEPA guidance (USEPA, 1989b; 1989c; 1991a; 1996) and are 
presented in Appendix E-4. 

Assessment-Related Variable. The assessment-related variable involved in 
exposure quantification is the averaging time. Averaging time reflects the 
duration of exposure and depends on the type of effect being evaluated. Exposure 
intake during a defined interval (e.g., a lifetime) is averaged over the entire 
period, resulting in an estimate of average daily intake. 

There are essentially two types of effects, typically evaluated in HHRA: 
carcinogenic effects and noncarcinogenic effects. According to USEPA guidance, 
the averaging time for carcinogenic effects is assumed to be a 70-year lifetime 
(USEPA, 1989b). The averaging times for noncarcinogenic effects are equivalent 
to the duration of exposure and may vary depending on the nature of exposure, 
There is a wide range of possible estimates, from a day to a lifetime. However, 
based on USEPA guidance, exposure duration for noncarcinogenic effects can 
roughly be categorized into one of three periods: (1) chronic exposures, 7 years Y--Y. 
to a lifetime; (2) subchronic exposures, 2 weeks to 7 years; and (3) acute 
exposures, less than 2 weeks (USEPA, 1989b). The length of the exposure period 
depends on the potentially exposed population and the characteristics of 
exposure. The averaging times applied to receptors are used in the risk 
calculations. All exposure scenarios evaluated for noncarcinogenic effects at 
NTC, Orlando are considered chronic or subchronic exposures. 

Calculation of Intakes. The equations used to calculate chemical intake are 
those presented in USEPA guidance (USEPA, 1989b). The general equation for 
calculating chemical intake is as follows: 

where: 

Intake = 

C = 
CR = 
EF = 
ED = 
BW = 
AT = 

Intake = C x CR x EF'x ED 
BWx AT 

daily chemical intake per unit body weight averaged over the 
exposure period, 
concentration of the chemical in the exposure medium, 
contact rate for the medium of concern, 
exposure frequency,. 
exposure duration, 
body weight of the potentially exposed individual, 
averaging time (for carcinogens, AT = 70 years for 365 days per 
year; for noncarcinogens, AT = ED). a-- 
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The contminant exposure intak&’ f3$;~~tgpg ::$&~eptors that were evaluated are 
presented in the risk calculation spreadsheets in Appendix E-6. 

Some of the exposure pathways require additional calculations before intake 
values can be calculated. Brief explanations of the additional calculations 
required for the inhalation of particulates, inhalation of vapors, while 
showering, and dermal absorption are provided below. 

Inhalation of Particulates from Soil. This evaluation is conducted to estimate 
levels of site contaminants that could occur in ambient air as a result of wind 
erosion. A particulate emission factor (PEF) estimates the concentration of 
soil-derived particulates in air. A default PEF of 1.24 x10+' cubic meters per 
kilograms (m3/kg) is used from FDEP guidance (FDEP, 1995). It is assumed that 
chemical concentrations in particuiates are identical to soil EPCs. 

Dermal Absorption from Soil. Dermal absorption from soil is calculated in 
accordance with the USEPA Dermal Exposure Assessment: Principles and Applica- 
tions, InterimDraft Report (USEPA, 1992b). Percutaneous absorption of chemicals 
detected in soil is chemical and matrix dependent. According to USEPA Region IV 
guidance (USEPA, 1995a), absorption factors for organics and inorganics <are 0.1 
percent and 0.01 percent, respectively. A soil adherence factor of 1 milligram 
of soil per square centimeter of skin (mg/cm2) per event is used in the dermal 
intake equations (USEPA, 1992b). The equations used to describe dermal 
absorption from soil are located in Appendix E-7. 

Receptor-specific exposure parameters for each exposure scenario are presented 
in Appendix E-4. The risk calculation spreadsheets in Appendix E-6 to this 

, report also contain the exposure parameters for each exposure scenario. 

6.1.4 Toxicity Assessment The purpose of the toxicity assessment is to identify 
the adverse effects that are associated with exposure to each CPC and to identify 
the relationship between the level of exposure and the severity or likelihood of 
adverse effects. The toxicity assessment evaluates the available evidence on the 
potential adverse effects associated with exposure to each CPC. With this 
information, a relationship between the extent of exposure and the likelihood or 
severity of adverse human health effects is developed. Two steps are typically 
associated with toxicity assessment: hazard identification and dose-response 
assessment. 

6.1.4.1 Hazard Identification Hazard identification is the process of 
determining if exposure to an agent can cause a particular adverse health effect 
and, more importantly, if that effect will occur in humans. Characterizing the 
nature and strength of causation is a part of the hazard identification step. 
For a number of the chemicals at hazardous waste sites, potential toxic effects 
have already been identified. Consequently, the objectives of the hazard 
identification in the HHRA are to (1) identify which of the contaminants detected 
at the site are potential hazards, and (2) summarize their potential toxicity in 
brief narrative profiles. 

6.1.4.2 Dose-Response Assessment A dose-response assessment is conducted to 
characterize and quantify the relationship between intake, or dose, of an CPC and 
the likelihood of a toxic effect, or response. There are two major types of 
toxic effects evaluated in an HHRA: carcinogenic and noncarcinogenic. Following 
USEPA guidance for HHRAs (USEPA, 1989a), these two endpoints (cancer and 
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noncancer) are evaluated separately. As a result of the dose-response 
assessment, identified dose-response values are used to estimate the incidence f----3 

'of adverse effects as a function of human exposure to a chemical. 

There are two types of dose-response values: cancer slope factors (CSFs) for 
carcinogens and reference doses (RfDs) for noncarcinogens. For many compounds, 
both types of values have been developed by USEPA because many compounds cause 
both carcinogenic and noncarcinogenic effects. In addition, because the toxicity 
and/or carcinogenicity of a compound can depend on the route pf exposure (i.e., 
oral, inhalation, or dermal), unique dose-response values are developed for the 
oral, dermal, and inhalation exposure routes. The source of the dose-response 
values is described below. All dose-response values for analytes evaluated in 
this risk assessment are presented in Appendix E-8. 

Cancer Toxicity Values. The CSF is a chemical-specific toxicity value developed 
by the USEPA Cancer Risk Assessment Verification Endeavor based upon the dose of 
a chemical and the probability of a carcinogenic response. The unit risk, a 
toxicity value developedby the USEPA, is an estimate of the relationship between 
the inhaled concentration of a chemical and the probability of a carcinogenic 
response from the exposure during the lifetime of the individual. 
As required by USEPA Region IV guidance (USEPA, 1995a), risks associated with 
dermal exposures (most commonly for soil andwater dermal contact) are evaluated 
using CSFs that are specific to dermally absorbed doses. Most oral CSFs are 
based on administered dose rather than the absorbed dose (trichloroethene's CSF 
is a notable exception). It is, therefore, necessary to adjust toxicity values 
that are based on administered doses so that they can be used for evaluation of 
absorbed doses. For dermal exposures, the toxicity values are adjusted as ,*--- 
follows: 

(5) 

where ABSEFF,,,, is the absorption efficiency in the study that is the basis of 
the oral toxicity value. Toxicity values for inhalation exposures are calculated 
in the same manner. 

If there is no information available on oral absorption efficiency, the 
conservative default values (USEPA, 1995a) of 80 percent for volatiles, 50 
percent for SVOCs, and 20 percent for inorganics are used. 

The oral CSF, inhalation CSF and unit risk, dermal CSF, weight of evidence 
classification, and cancer type observed for each carcinogenic CPC analyzed in 
an HHRA are provided in Appendix E-8. 

Noncancer Toxicitv Values. The RfD is an estimate (with uncertainty spanning an 
order of magnitude or more) of a daily intake for the human population, including 
sensitive subpopulations, that is likely to be without appreciable risk of 
deleterious effects during a lifetime. 

As required by USEPA Region IV guidance (USEPA, 1995a), risks associated with 
dermal exposures (most commonly for soil and water dermal contact) are evaluated f--Y 

using RfDs that are specific to absorbed doses. Most oral RfDs are based on an 
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administered dose rather on the absorbed dose. It is, therefore, necessary to 
adjust toxicity values that are based on administered doses so that the!y can be 
used for evaluation of absorbed doses. For dermal exposures, we adjust the 
toxicity values as follows: 

RfDadjusCed = Rf%m X -SEFFm,, (6) 

where ABSEFF,,,, is the absorption efficiency in the study that is the basis of 
the oral toxicity value. Toxicity values for inhalation exposures are calculated 
in the same manner. 

If there is no information available on oral absorption efficiency, the 
conservative default values (USEPA, 1995a) of 80 percent for volatiles, 50 
percent for SVOCs, and 20 percent for inorganics are used. 

Separate sets of RfDs have been developed for several chemicals for evaluating 
chronic and subchronic exposures. When available, subchronic RfDs are used for 
evaluating exposures with a duration less than 7 years but more than 2 weeks. 
Chronic RfDs are used when subchronic values are unavailable and when the 
exposure duration is greater than 7 years. There are no analogous reference 
values for evaluating acute exposures, those lasting less than 2 weeks. 

The oral RfD, inhalation RfC, dermal RfD, critical study on which the RfD is 
based, critical effect in the study, any uncertainty and modifying factors 

f@- 
applied to the RfD or RfC, and the degree of confidence assigned to the RfD or 

, ' RfC for each CPC analyzed in the HHRA are provided in an Appendix E-8. 

6.1.4.3 Source of Dose-Response Values The primary source for identifying dose- 
response values is the USEPA Integrated Risk Information System (IRIS), which is 
an on-line database containing health risk andUSEPA regulatory information about 
specific chemicals (USEPA, 1998b). Health risk information is included on IRIS 
only after a comprehensive review of chronic toxicity data by work groups 
composed of USEPA scientists. If no information is found in IRIS, the USEPA 
Health Effects Assessment Summary Tables (HEAST) (USEPA, 1997) are used as a 
source of information. If appropriate dose-response values are not located from 
either of these two sources, other USEPA sources (including past versions of IRIS 
and HEAST and the documents produced by the USEPA's National Center for 
Environmental Assessment (formerly the Environmental Criteria and Assessment 
Office) are consulted. If no USEPA dose-response value is identified, surrogate 
values from structurally similar compounds may be assigned. 

Dose-response values for each of the contaminants selected as an CPC in an HHRA 
are provided in Appendix E-8. Toxicity profiles for CPCs are presented in 
Appendix E-9. 

The published CSF for benzo(a)pyrene has been applied to the benzo(a)pyrene 
equivalent concentration calculated for cPAHs. The equivalent concentration is 
based on the TEFs shown in Table 6-2. 

6.1.5 Risk Characterization Risk characterization is the final step in the risk 
assessment process. This step involves the integration of the exposure and 
toxicity assessments into a qualitative or quantitative expression of potential 
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humanhealth risks associated with contaminant exposure. Quantitative estimates 
of both carcinogenic and noncarcinogenic' risks are made for each CPC and each ./---x 

I _s 
complete exposure pathway identified in the exposure assessment. 

Carcinogenic Risks. Carcinogenic risks associated with exposure to individual 
chemicals are estimated by multiplying the chemical intake for each carcinogen 
by its CSF. This value is a chemical-specific excess lifetime cancer risk (ELCR) 
and represents an upper bound of the probability of an individual developing 
cancer over a lifetime as the result of exposure to a chemical. For each 
exposure pathway, the chemical-specific risks for all carcinogenic compounds are 
summed to determine the pathway-specific lifetime cancer risk. The following 
equations are used to estimate the chemical- and pathway-specific cancer risks: 

Chemical-Specific ELCR: 

Risk, = CDI, x CSF, (7) 

where: 

Risk, = unitless probability.of an individual developing cancer as the 
result of exposure to a chemical i, 

CDI, = chronic daily intake of chemical i averaged over 70 years and 
expressed as milligrams per kilogram body weight per day (mg/kg- 
day), and 

CSF, = USEPA cancer slope factor for chemical i (mg/kg-day)-'. -. 

Pathway-Specific Incremental Lifetime Cancer Risk: 

Risk, = ZRisk, (8) 

where 

RiskT = unitless probability of an individual developing cancer as the 
result of multiple chemical exposures and 

Riski = unitless cancer risk estimate for the ith chemical associated with 
an exposure pathway. 

The results from the carcinogenic risk assessment are compared with acceptable 
risks established by the USEPA. The USEPA guidelines, established in the 
National Oil and Hazardous Substances Contingency Plan (NCP), indicate that the 
total lifetime cancer risk due to exposure to the CPCs at a site, by each 
complete exposure pathway, should not exceed a range of 1 in l,OOO,OOO (1~10~~) 
to 1 in 10,000 (1~10~~) (USEPA, 1990). FDEP has indicated that 1x10-" is its 
cancer risk level of concern. For reference, the average cancer burden in the 
United States in 1993 was 1 in 3 for women and 1 in 2 for men (American Cancer 
Society, 1994). 

Noncarcinonenic Risks. Noncarcinogenic risk estimates are calculatedby dividing 
chemical intake for each compound by the appropriate RfD. The result is called 
the hazard quotient (HQ). The HQs for individual compounds within an exposure 

n 

pathway were summed to obtain the hazard index (HI) for that particular pathway. 
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The following equation is used to determine the hazard quotient: 
,. j 

HQi = & 
RfD, 

(9) 

where: 

HQi = hazard quotient of chemical i, 
Ii = intake of chemical i averaged over the exposure period (mg/kg-day), 

and 
RfD, = reference dose for chemical i corresponding to the same exposure 

duration as the intake (mg/kg-day). 

The following equation is used to determine the HI: 

HI = zHQj (10) 

where: 

HI = potential for noncarcinogenic effects from multiple chemical 
exposures and ." 

HQi = hazard quotient for ith chemical associated with an exposure 
pathway. 

HQ less than 1 indicates that noncarcinogenic toxic effects are not expected to 
occur due to CPC exposure. HIS greater than 1 may be indicative of a possible 
noncarcinogenic toxic effect but the circumstances must be evaluated on a case- 
by-case basis (USEPA, 1989a). As the HI increases, so does the likelihood that 
adverse effects might be associated with exposure. In general, chronic HI values 
are calculated. 

6.1.6 Uncertainty Analysis Risk'estimates are generally conservative values 
that result frommultiple layers of conservative assumptions inherent in the risk 
assessment process. Quantitative estimates of risk are based on numerous 
assumptions, most intended to be protective ofhumanhealth (i.e., conservative). 
As such, risk estimates are not truly probabilistic estimates of risk, but rather 
conditional estimates given a series of conservative assumptions about exposure 
and toxicity. 

A thorough discussion of all potential sources of uncertainty in risk assessment 
is not feasible. In general, sources of uncertainty can be categorized into site- 
specific factors (e.g., variability in analytical data and exposure assessment) 
and toxicity and risk characterization assessment factors. Most toxicity- and 
risk characterization-specific uncertainties apply to all HHRAs equally in their 
impact on the calculated risk estimates. Common (not site-specific) sources of 
uncertainty and their potential effects on the magnitude of estimated risks are 
discussedhere. Table 6-3 summarizes some of the sources of uncertainty that are 
common to all HHRAs. Site-specific uncertainties that are important for the 
interpretation of the calculated risk estimates for surface soil, and groundwater 
at SAs 8 and 9 are discussed in Subsections 6.2.6 and 6.3.6, respectively. 

6.1.6.1 Data Collection, Analysis, and Evaluation A certain amount of 
uncertainty is associated with the representative nature of the data collected 
to complete the risk evaluation at each site. Additional uncertainties associated 
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Table 6-3 
1 ,\ \,-. ?.,. ( ‘i “*.;c: : ( ::< ;, 

Potential Sources of Uncertainty 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Potential Source 

Exposure Assessment 

Likelihood of exposure pathways 

Exposure point concentrations (EPCs) 

Naval Training Center Orlando 
Orlando, Florida 

Direction of Effect Justification 
,, i.9 ir.ll‘: ‘: ::;,., ::... .“;.d. -(j ..-, ., /, 

Overestimate 

Unknown 

Actual exposure may not occur 

Sampling data are assumed to be representative of the 
exposures. 

Exposure assumptions (e.g., frequency) 

Degradation of chemicals not considered 

Absorption of soil contaminants through 
the skin 

Modeled EPCs 

Toxicitv Assessment 

Extrapolation of animal toxicity data to 
humans 

Use of linearized, multi-stage model to 
derive cancer slope factors 

Lack of oral toxicity values for lead 

Risk Characterization 

Summation of risk among chemicals 
within exposure pathways 

Overestimate 

Overestimate 

Overestimate 

Unknown, probably Models are based on numerous assumptions resulting 
overestimate. in conservative EPCs 

Unknown, probably 
overestimate. 

Animals and humans differ with respect to adsorption, 
metabolism, distribution, and excretion of chemicals. 
The magnitude and direction of the difference varies 
with each chemical. Animal studies typically involve 
high-dose exposures, whereas humans are exposed to 
low doses. 

Overestimate 

Underestimate 

Unknown 

Parameters selected are conservative estimates of 
exposure representing a reasonable~maximum expo- . 
sure. 

Risk estimates are based on recent chemical concentra- 
tions. Concentrations tend to decrease over time as a 
result of degradation for many organics. 

Dermal absorption of chemicals is a function of the 
length of actual skin contact. Contact may be insuffi- 
cient to result in the absorption assumed. 

Model assumes a nonthreshold, linear at low dose rela- 
tionship for carcinogens. Many compounds induce 
cancer by non-genotoxic mechanisms. Model results in 
95 percent upper confidence limits of cancer potency. 
Potency is unlikely to be higher and may be as low as 
zero. 

Dose-response values for lead are not available for 
exposures to lead in soil or groundwater. Risk from 
exposure to lead in soil and groundwater is not quanti- 
tatively evaluated. 

Little is known about the toxicity of chemical mixtures. 
In the absence of evidence to the contrary, additivity of 
risk is assumed. 

,- 
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with estimating exposure result?rom the variance in sampling and analytical 
techniques. There are three general uncertainties related to data collection, 

f ' analysis, and evaluation: 

. nature and extent of contamination, 

l adequate characterization of exposure areas, and 

. differences between site-specific inorganic concentrations and back- 
ground inorganic concentrations. 

Nature and Extent of Contamination. The nature and extent of contamination is 
normally discussed in detail as part of the RI. The extensive sampling and 
analytical program of an RI should adequately characterize the types of contami- 
nants present, the physical location of those contaminants, and the concentra- 
tions that are present. There is inherent uncertainty in the assumption that the 
nature and extent of contamination has been adequately characterized. 

Adequate Characterization of Exposure Areas. Contaminated areas, specifically 
soil, are sometimes small relative to the area in which a receptor would 
potentially be exposed. Nonrandom sampling may be conducted in areas of known 
or visible contamination. Because a receptor's exposure area may actu.ally be 
larger than the area of contamination and a receptor's exposure would often be 
random, the nonrandom sampling may actually result in overestimation of 
exposures. 

Differences between Site and Backpround Concentrations. A comparison between 
site-specific and background inorganic concentrations is conducted as part of the 
selection of CPCs (Paragraph 6.1.2.1). Both organic contaminants and inorganic 
analytes are commonly detected in surface soil and groundwater baclkground 
locations. 

Just because organics (e.g., pesticides) are sometimes detected in background 
samples does not indicate that the inorganic concentrations in those samples do 
not represent background reference concentrations. The use of the background 
sample data as a reference point for inorganics detected in surface soil and 
groundwater is generally considered appropriate based on carefully chosen 
sampling locations. 

Selection of CPCs. Although a USEPA approach is that criteria are used in 
selecting CPCs (USEPA, 1989a), there are uncertainties in the process of 
selecting CPCs based on the use of RBCs and comparison to inorganic background 
screening concentrations. 

The USEPA Region III RBC table does not provide values for all chemicals in 
surface or groundwater. For those chemicals without an associated USEPA Region 
III RBC, an RBC for a chemical in the table that is similar in structure and 
physical properties to the detected contaminant may be used (e.g., using the 
pyrene value as a surrogate for benzo(g,h,i)perylene). Based on the similarities 
in toxicological properties between the compounds and their surrogates, it is 
reasonable to conclude that the USEPA Region III RBCs for the chemicals detected 
are adequately protective of human health. Generally, the use of surrogates is 

.an approach to help focus effort on those contaminants that are contributing a 
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significant amount of risk (e.g., cancer risk of greater than 1~10~~ and an HQ 
of greater than 0.1). i-x. 

Background Screening for Inornanics. For a given inorganic analyte, the maximum 
reported soil or groundwater concentration at a"'waste site is compared to two 
times the average of the medium-specific detected concentrations in the 
background locations (Paragraph 6.1.2.1). This comparison is conducted as part 
of the selection of CPCs. If the maximum site concentration is less than two 
times the arithmetic mean of the inorganic reference concentrations, the analyte 
is considered to be consistent with background concentrations. This approach is 
conservative in that it is likely to identify certain analytes as being 
inconsistent with background (including them as CPCs) even though the distribu- 
tion of concentrations onsite is very similar to that of the background data set. 
This can occur when the average inorganic screening concentration at a reference 
location is less than the maximum detected value at the site being investigated. 
For example, a site-specific inorganic could be present at a concentration 
greater than the corresponding screening concentration, including it as an CPC, 
but still be within the detected range of inorganic concentrations at the 
reference locations. This is the result of natural variab.ility for inorganic 
concentrations in soil. Therefore, it is quite possible that an analyte could 
have a concentration distribution at a site that is identical,to the distribution 
of concentrations for that analyte in the background data set, but also would 
have a maximum detected concentration that is more than twice the arithmetic mean 
of the concentrations in the reference data set. 

TEFs for cPAHs. In selecting CPCs (Subsection 6.1.2), the selection of a single 
PAH in a particular medium requires that the additional PAHs detected in that 
medium be retained as CPCs even if the PAH is less than the available risk-based 

f--h 

screening level. This is a protective approach that is unlikely to underestimate 
risks. 

6.1.6.2 Exposure Assessment. There are four major issues that contribute to 
uncertainties in the exposure assessment of most HHRAs: 

. land use, 

. use of the RME, 

. determination of the EPC, and 

. exposure parameters. 

Land Use. The potential future land use for OU 3 is fairly well defined. 

g&g. The exposure assessments conducted in an HHRA can be characterized as EME. 
As such, the exposure estimates represent a mix of "high end" and average 
exposure parameter values that result in an exposure estimate that is unlikely 
to be exceeded in an exposed population. Because some of these parameters are 
functions of the behavior patterns and personal habits of the exposed popula- 
tions, no one value canbe assumed representative of all possible exposure condi- 
tions. Further, uncertainties (e.g., body weight, surface area, and ingestion 
rates) associated with assigning single exposure parameters to a heterogeneous 
population, which includes both men and women and the young and the old, are 
considered significant. However, the risk assessment incorporates assumptions 
or procedures that result in the estimate of an upper bound of risk. This type 
of exposure assessment tends to overestimate risks for the large majority of an 
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exposed population. To address the most conservative exposure scenario 
available, the future resident (anME) is normally evaluated in an HHRA. 

Central Tendency. The 50th percentile or average exposure parameters used in the 
assessment of central tendency risks is based on exposure parameters that are 
unlikely to be exceeded by an average member of the population. Again, these 
parameters are functions of individual habits, behavior, and location; therefore, 
no single value can be representative of all population members. In addition, 
central tendency parameters are not designed to be protective of extremely 
susceptible subpopulations. The central tendency risk assessment incorporates 
these parameters to complement the RME risk assessment and provide risk managers 
with a reasonable risk range. However, it is possible that the risk may be 
underestimated for a percentage of the population. 

m. USEPA guidance specifies using the 95 percent UCL on the arithmetic mean 
concentration of the site sampling results for the concentration term in the 
intake equation for risk assessment calculations for soil (USEPA, 1995a). In 
order to use the UCL of the arithmetic mean, samples are collected randomly, 
based on the assumption that an exposed individual would move randomly across the 
site. An overestimation or underestimation of the risk may occur. 

Exposure Parameters. The selection and use of exposure parameters contribute to 
the uncertainty inherent in a risk estimate. There are several exposure 
parameters that impact most risk assessments as described below. 

. . . . Dermal Exposures to Groundwater. Ingestion of drinking water is 
normally the exposure pathway that produces the greatest risk associat- 
ed with contaminated groundwater. Dermal exposure to groundwater while 
showering is not evaluated in the HHRA. This may result in an 
underestimation of risk, particularly to SVOCs in groundwater. 

. gEJ. The PEF that is used to calculate the concentration of soil 
particles that a receptor may inhale is the same for multiple receptors 
(e.g., resident and excavation worker). However, it is likely that 
more soil particles would be suspended in air during soil excavation 
activities and, therefore, an excavation worker would be exposed to 
greater concentrations of CPCs associated with airborne soil particles 
than a resident. Risk associated with inhalation exposures for the 
excavation worker may be underestimated in the HHRA. It is :Likely, 
however, that use of a PEF representing greater particulate concentra- 
tions would only result in additional risks of less than an order of 
magnitude. If risk estimates for inhalation for the excavation worker 
are orders of magnitude below USEPA threshold ranges, an excavation 
worker-specific PEF is not necessary. 

6.1.6.3 Toxicity Assessment Toxicity information for many chemicals is very 
limited, leading to varying degrees of uncertainty associated with calculated 
toxicity values obtained in IRIS or HEAST. General sources of uncertainty for 
calculating toxicity factors include extrapolation from animal to human popula- 
tions, low to high dose extrapolation, 
interspecies sensitivity variation, 

short-term to long-term exposures, 
extrapolation from subchronic to chronic no 

observed adverse effect level (NOAEL), extrapolation fromlowestobserved adverse 
effect level (LOAEL) to NOAEL, amount of data supporting the toxicity factors 
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(i.e., inadequate studies), consistency of different studies for the same 
chemical, and responses of various species to equivalent doses. 

The identification of human carcinogens and noncarcinogens, based on animal data, 
is a primary source of uncertainty in the use of toxicity values. It is not 
certain that the identification of carci_nogenic activity in an animal species 
means that carcinogenic activity in humans will occur. In some cases, the 
metabolic processes involved in carcinogenic activity in a particular organ in 
animals may not exist in humans. Available evidence indicates that there is a 
limited number of substances that are classified as human,carcinogens (USEPA 
Class A substances). The extrapolation of short-term to long-term exposures is 
also a component in some cases for the carcinogen dose-response values. The use 
of toxicity measures (e.g., RfDs and CSFs) introduces additional uncertainties. 
These parameters are generally based on animal studies, many of which are 
performed at high doses relative to the site-specific exposures that potentially 
could occur. These data require interpretation and/or extrapolation in the low 
dose area of the dose-response curve. The CSFs used in the risk,assessment 
generally represent a "high end" estimate. The CSFs are the 95 percent UCL on 
the actual slope derived from the scientific cata and, therefore, are likely 
overestimates of the potency. 

6.1.6.4 Risk Characterization A mixture of analytes is present in each medium 
evaluated at NTC, Orlando. The USEPA's Guidelines for the Health Risk Assessment 
of Chemical Mixtures (USEPA, 1986) states that if sufficient data are not 
available on the effects of the chemical mixture of concern, or a reasonably 
similar mixture, additivity of effects for constituents of the mixture should be 
assumed. This assumption, according to USEPA, is expected to yield generally 
neutral risk estimates (i.e., neither conservative nor lenient). More recent 
guidance from USEPA (USEPA, 1992c) also references the Guidelines for the Health 
Risk Assessment of Chemical Mixtures, but further states that the assumption of 
additivity assumes independence of action and that if this assumption is 
incorrect, overestimation or underestimation of the actual multiple substance 
risk may occur. In calculating HI values, additivity is assumed, but in some 
cases the analytes in a mixture have significantly different toxic mechanisms of 
action and impact different organs. In these cases, the overall HI likely 
overestimates noncancer risks. 

.F--% 

6.1.7 Remedial Goal Options Those media with estimated incremental lifetime 
cancer risks above 1 in 10,000 or with a total HI greater than 1 are identified 
for SAs 8 and 9. These media are to be selected for development of media cleanup 
levels in accordance with USEPA Region IV guidance (USEPA, 1995a). In addition, 
those media with cancer risks above the Florida target risk level of 1x10v6, or 
concentrations above FDEP guidelines and standards were also selected for RGO 
development. RGOs and available FDEP criteria are intended to provide the basis 
for the development of remedial alternatives in the FS, which will follow the RI. 

6.2 STUDY AREA 8, GREENSKEEPER'S STORAGE AREA. The Greenskeeper's Storage Area 
is located in the southeast portion of the Main Base at NTC Orlando, between Lake 
Baldwin and the recently closed golf course (Figure l-3). A paved cul-de-sac 
(terminus of Trident Lane) occupies the central portion of the site; a series of 
small (less than 200 ft' each) temporary structures and Building 2134, an 800 
square foot permanent structure, occupy most of the ground surface directly .-? 

adjoining the paved road. The remainder of the site is sparsely vegetated, with 
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trees bordering the fence in many areas. A chain link fence currently surrounds 
the complex of buildings, effectively limiting foot traffic through the area. 
A second fenced area adjoins the larger fenced complex (Figure l-3). There are 
three small structures within this fenced area. The fenced area has been used 
by the NTC, Orlando grounds maintenance crew, and most recently by the golf 
course greenskeepers as a seed storage area. Grass is maintained inside this 
smaller fenced area. 

An IRA was completed for SA 8 surface soils in September 1997. The IRA was 
conducted to address arsenic contamination and included excavation and off-site 
disposal of contaminated surface soil. Approximately 40 yd3 of soil were removed 
(Figure l-3). Samples from the excavation areawere collected for analysis prior 
to backfilling the excavation. (SOUTHNAVFACENGCOM, 1997). The IRA report is 
included as Appendix A. 

6.2.1 Data Evaluation The data evaluation process is described in Subsection 
6.1.1. Site-specific information is provided below. 

Available Data There were 55 surface soil and 18 groundwater sample locations 
evaluated in this HI-IRA. Samples were considered surface soil if the bottom of 
the sampling interval was less than 2 foot bls. The samples were analyzed for 
TCL SVOCs, PCBs, pesticides, herbicides, and TAL inorganic compounds. In 
addition, five surface soil samples and seven groundwater samples were also 
analyzed for arsenic speciation as described in Section 4.4. The samp:Les and 
detected analytes evaluated are presented in Appendix C. 

6.2.2 Selection of CPCs CPCs were identified for surface soil and groundwater 
at SA 8 based on the criteria described in Subsection 6.1.2. 

6.2.1.1 Surface Soil Fifty five surface soil samples and six duplicates were 
collected at SA 8 and submitted for chemical analysis during the RI. Surface 
soil sample locations evaluated in the HHRA (OSSSOOSOO through 08SSO5200, 
08SSO5301 through 08SSO6301, 08SSO1502, 08SSO2802, 08SSO4802, 08SSO5002, and 
8SSO5702; and duplicates 08SS00900D, 08SS02800D, 08SS02802D, 08SSO3800D, 
08SS05100D, 08SS06301D) are indicated on Figure 2-l. Figure 4-l depicts soil 
analytical results exceeding screening criteria as described in Chapter 4.0. 

Samples 08SSOOlOO through 08SSOO800 were collected during the August 1994 site 
screening program. All but one of the samples was removed during the IRA. The 
remaining sample was uncontaminated and not included in the HERA. 

There were also surface soil samples collected as confirmatory samples during the 
IRA. The analytical results of these confirmatory samples were not subjected to 
data validation. Because the RI data adequately characterized the contamination, 
there was no need to include the unvalidated IRA confirmatory samples. 

Table 6-4 presents the analytes detected in surface soil at SA 8 and thle CPCs 
selected. SevenSVOCs (benzo(a)anthracene,benzo(a)pyrene,benzo(b)fluorarlthene, 
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and indeno(l,2,3- 
cd)pyrene), nine pesticides (aldrin, alpha-chlordane, gamma-chlordane, 4,4.'-DDD, 
4,4/-DDE, 4,4'-DDT, dieldrin, heptachlor, heptachlor epoxide), one PCB (Aroclor- 
1260), two herbicides (MCPA, and MCPP), and 13 inorganic compounds (aluminum, 
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Table 6-4 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Frequency Range of Range of Mean of Background USEPA Florida Soil Analyte 
Analyte of Reporting Detected Detected Screening Region Ill Cleanup CPC? Reason’ 

Detection’ Limits Concentration* Concentration3 Concentration4 RBC5 Target Levels’ WVW 

Semivolatile Organic Compounds @g/kg) 

Acenaphthylene 3/55 340 to 1,500 63 to 140 90 NA *230,000 1,100,ooo No S,G 
Anthracene l/55 340 to 1,500 540 540 NA 2,300,ooO 19800,000 No S,G 
Benzo(a)anthracene I?/55 340 to 1,500 31 to 1,300 210 NA 870 1,400 Yes c 

Benzo(a)pyrene 14155 340 to 1,500 36 to 1,100 210 NA 87 100 Yes 

Benzo(b)fluoranthene 21/55 340 to 1,500 43 to 3,700 350 NA 870 1,400 ’ Yes 

Benzo(g,h,i)perylene IO/55 340 to 1,500 40 to 280* 130 NA *230,000 2,300,OOO No S,G 
Benzo(k)fluoranthene 18/55 340 to 1,500 17 to 3,700 370 NA 8,700 15,000 Yes C 

bis(2-Ethylhexyl)phthalate 23 /55 340 to 1,500 35 to 1,700 208 NA 46,000 75,000 No S,G 
Butylbenzylphthalate l/55 340 to 1,500 430* 430 NA 1,600,008 220,000 No SG 

Carbazole l/55 340 to ‘1,500 260 260 ‘NA 32,008 53,000 No S,G 
Chrysene 18155 340 to 1,500 41 to 1,900 250 NA 87,008 140,000 Yes C 

Di-n-butylphthalate 4155 340 to 1,500 47 to 210 92 NA 780,008 110,000 No S,G 
Dibenz(a,h)anthracene 5155 340 to 1,500 50 to 280 120 NA 87 100 Yes 

Ffuoranthene 21/55 340 to 1,500 25 to 2,600 300 NA 310,000 2,800,OOO No W-3 
Indeno(1 ,P,Xd)pyrene 1 o/55 340 to 1,500 38 to 460 160 NA 870 1,500 Yes C 

Phenanthrene 5155 340 to 1,500 40 to 130 72 b.NA 8230,000 1,900,ooo No S,G 

Pyrene 20/55 340 to 1,500 42 to 2,600 308 NA 230,000 2,200,OOO No S,G 

See notes at end of table 
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Table 6-4 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil at Study Area 8 

Frequency 
Analyte of 

Detection’ 

Pesticides and PCBS @g/kg) 

Atdrin 7155 

Aroclor-1260 3155 

alpha-BHC 2155 

beta-BHC 2/55 

delta-BHC 12155 

gamma-BHC (Lindane) 4155 

alpha-Chlordane 46155 

gamma-Chlordane 40/55 

4,4’-DDD 21155 

4,4-DDE 37/55 

4,4’-DDT 46f55 

Dieldrin 25155 

Endosulfan I 5/55 

Endosulfan II 8155 

Endosulfan sulfate 1 l/55 

Endrin 1 o/55 

Endrin aldehyde 25155 

Endrin ketone 6155 

Heptachlor 2/55 

Heptachlor epoxide 19155 

Methoxychlor 3155 

See notes at end of table 

Range of 
Reporting 

Limits 

1.7 to 45 

34to390 

1.7 to 20 

1.7 to 45 

1.7 to 45 

1.7 to 20 

1.8 to 50 

1.8 to 45 

3.4 to 97 

3.4 to 97 

3.3 to 97 

3.5 to 50 

1.8 to 20 

3.3 to 50 

3.4 to 87 

3.4 to 97 

3.5 to 50 

3.3 to 39 

1.7 to 45 

1.8 to 45 

17 to 200 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, florida 

Range of Mean of Background 
Detected Detected Screening 

Concentration* Concentration3 Concentration’ 

0.27 to 49 7.5 NA 

66to420 270 NA 

0.28 to 1.3 0.79 NA 

0.79 to 12 6.4 NA 

0.1 to 77 7.6 NA 

0.22 to 18 5.4 NA 

0.12 to 3,700 100 NA 

0.11 to 2,900 95 NA 

0.88 to 780 55 NA 

0.34 to 1,600 90 NA 

0.33* to 2,200 97 NA 

0.29 to 91 9.3 NA 

0.41 to 1.2 0.68 NA 

0.24 to 5.9 2.1 NA 

0.82* to 25 4.7 NA 

0.28 to 130 16 NA 

0.27 to 7.1 1.2 NA 

0.44* to 3.7 2 NA 

0.23 to 680 340 NA 

0.13* to 130 9.7 NA 

1.4 to 87 32 NA 

USEPA Florida Soil 
Region Ill Cleanup 

RBC’ Target Levels’ 

38 60 

320 ‘600 

100 200 

350 600 

lo360 22,008 

490 700 

“1,800 “3,000 

“1,800 “3,000 

2,700 4,500 

1,- 3,200 

1,900 3,208 

40 5 

‘*47,000 ‘*410,000 

‘*47,OcHJ “410,c0O 

1347,000 ‘3410,800 

2,300 21,080 

“2,308 ‘421 ,ooo 

“2,300 “21,000 

140 10 

70 180 

39,000 380,000 

Analyte 
CPC? 

W/W 

Y8S 

Yes 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

No 

R8aSOn' 

S,G 

S,G 

S,G 

S,G 

c 

C 

S,G 

S,G 

S,G 

S,G 

S,G 

S,G 

S,G 



Table 8-4 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil at Study Area 8 

Herbicides tpg/kg) 

2,4,5-TP (Silvex) 9154 

2,4,5-T 9154 

24-D 28154 

2,4DB 24154 

Dalapori 2154 

Dichloroprop 12154 

Dinoseb 7154 

MCPA 6/54 

MCPP 13154 

Inorganic Analvtes (mglkg) 

Aluminum 54/55 

Antimony 10155 

Arsenic 43155 

Barium 54155 

Beryllium 4155 

Cadmium 29155 

Calcium 29155 

Chromium 53155 

Cobalt 16/55 

Analyte 
Frequency Range of 

of Reporting 
Detection’ Limits 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Fiorida 

Rang8 of Mean of Background 
Detected Detected Screening 

Concentration2 Concentration3 Concentration4 

USEPA 
Region Ill 

RBC” 

2.1 to 13 0.25 to 16 4 NA 

1.45 to 16 1.7* to 20 5.3 NA 

1.8 to 33 1.2 to 53 14 NA 

5.5 to 160 1.9 to 310 59.4 NA 

3.6 to 160 8.4 to 50 * 29.2 NA 

3.2 to 56 4 to 140 45.6 NA 

5.2 to 33 3.2 to 240 44.5 NA 

220 to 32,000 8,000 to 32,000 17,567 NA 

115 to 44,000 3,700 to 99,000 22,714 NA 

0.031 to 879 33.1 to 9,130 1,383 m9f3 
0.0059 to 14.35 0.79 to 16.3 4.7 ND 

0.0057 to 51.8 1.4 to 90 15.5 1.0 

0.0002 to 8.6 1.2 to 135 18.6 8.7 

0.0007 to 0.47 0.14 to 2 0.77 0.09 

o.ooo6 to 1.9 0.07 to 7.1 1.9 0.98 

63,000 590,000 No 

78,000 670,000 No 

78,000 580,000 No 

63,000 64,000 No 

230,000 NSC No 

‘563,000 270,000 No 

7,800 74,000 No 

3,900 20 Yes 

7,800 NSC Yes 

0.15 to 19,OOrl 7,230 to 334,- 
000 

0.0016 to 7 0.95 to 208 

0.14 to 4.5 0.17 to 2.6 

0.0013 to 5.6 1.5 to 77.5 

7,800 

3.1 

0.43 

550 

16 

“7.8 

55,475 25,300 “1,000,000 

Florida Soil 
Cleanup 

Target Levels’ 

Analyte 
CPC? 

(Yes/W 
Reason’ 

20.9 4.6 =39 290 Yes 

0.59 ND 470 4,700 No 

16.8 4.1 310 9 Yes 

7,200 Yes 

26 Yes 

0.8 Yes 

105 Yes 

0.3 Yes 

1.5 Yes 

NSC No 

Cwper 46155 

See notes at end of table 

S,G 
S,G 
S,G 
S,G 
S,G 
S,G 
S,G 

E 

S,G 

1 



Table 8-4 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Frequency Range of Range of Mean of 
Background 

USEPA Florida Soil Analyte 
Analyte of Reporting Detected Detected 

Screening 
Region Ill Cleanup CPC? Reason’ 

Detection’ Limits Concentration’ Concentration3 
Concentrati- 

on4 
RBC’ Target Levels’ (YWW 

Inorganic Analvtes (mglkgl (Continued) 

Beryllium 4155 0.0007t0 0.47 0.14to 2 0.77 0.09 16 0.3 Yes 

Cadmium a/55 0.0006 to 1.9 0.07to 7.1 1.9 0.98 "7.8 1.5 Yes 

Mcium 29155 0.15 to 19,000 7,230 to 334,000 55,475 25,300 “1 ,OOO,OOO NSC No E 

Zhfomium 53155 0.0016~0 7 0.95 to 208 20.9 4.6 1839. 290 Yes 

Cobalt 16155 0.14 to 4.5 0.17 to 2.6 0.59 ND 470 4,700 No SG 
hopper 46155 0.0013 to 5.6 1.5 to 77.5 16.8 4.1 310 9 Y8S 

ron 52155 0.029 to 276 75.1 to 5,590* 1,049 712 2,300 23,000 y8S 

sad 53155 0.0029 to 23.6 2.7 to 902 100 14.5 '@400 500 Y8S 

Wanganese 36155 0.21 to 20.1 8.4 to 414 56.7 8.1 *'160 1,600 Yes 

Wercury 31155 0.05to 0.4 0.05 to 1.7 0.35 0.07 *'2.3 3.7 No S,G 

Uickel 41155 0.0022 to 11.4 0.41 to 9.3 2.7 4.4 160 30 No S,G 
Menium 7155 0.73 to 36.6 1.3to 4.5 2.5 0.95 39 390 No S,G 

Silver 44155 0.0013 to 5.2 0.18 to 122 11 1.8 39 390 y8S 

Vanadium 53155 0.0011 to 6.1 0.15 to 18.6 3.3 3.1 55 11 Yes 

3nc 18155 0.0042to 97.3 45.4 to 1,040 338 17.2 2,300 23,ooO No S,G 

Frequency of detection is the number of samples in which the analyte is detected over the total number of samples analyzed. 
! One-half the reporting limit was used for nondetects in calculating the mean, 
’ The mean of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. lt does not include those samples with “R,” ‘II,” or “UJ” 
ralidation qualifiers. 

The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the NTC 
Orlando Backaround Sampling Report (ABB-Environmental Services, !nc., 1995). 

For all chemicals except the essentiat nutrients (calcium, magnesium, potassium, and sodium), USEPA Region Ill RBCs residential soil values (USEPA, 1996). The RBC 
ralues are based on a carcinogenic risk of lvolatile Organic Compounds 1 x log and an adjusted hazard index of 0.1. For the essential nutrients, screening values w8r8 
derived based on recommended daily allowances (Appendix E-3). 
. . . . . . 



Table 8-4 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

’ Values are from residential cleanup goals in Florida Department of Environmental Protection (FDEP) Soil Cleanup Target Levels Direct Exposure Residential are used except 
in instances where the analyte was detected in groundwater. When the analyte is also detected in groundwater the lesser of the leaching value and the direct exposure value 
is used for screening (FDEP, 1998). 
’ Analyte was included or excluded from the risk assessment for the following reasons: 

B = the maximum detected concentration did not exceed tWiC8 the arithmetic mean of detected concentrations at background locations and will not be considered 
further. 
S = the maximum detected concentration did not exceed the risk-based screening concentration and will not be considered further. 
G = the maximum detected concentration did not exceed the Florida Soil Cleanup Goal and will not be considered further. 
E = the maximum detected concentration did not exceed the essential nutrient screening concentration derived in Appendix E-3. 
C = included because at least one member of the chemical class was selected as an CPC. Classes include carcinogenic polynuclear aromatic hydrocarbons and 
DDT and its breakdown products. 

* Value for PCBs used. 
’ Heptachlor used as a surrogate. 
lo Value for BHC technical is used. 
” Value for chlordane is used. 
‘* Value is based on a mixture of Endosulfan isomers 
‘a Endosulfan used as a surrogate. 
l4 Value for Endrin is used. 
I6 Value for 2,4-DB used as a surrogate. 
I8 Value is based on cadmium-food. 
” Essential nutrient screening value (Appendix E-3). 
‘8 Values are based on hexavalent chromium. 
lo RBC is not available for lead; value is from Revised Interim Guidance on Establishing Soil Lead Cleanup Levels at Superfund Sites (Office of Solid Waste and Emergency 
Response Directive 9355.412). 
*’ Value is based on manganese-nonfood. 
*’ Value is based on mercuric chloride. 

Notes: USEPA = U.S. Environmental Protection Agency. 
RBC = risk-based concentration. 
CPC = contaminant of potential concern. 
&kg = micrograms per kilogram. 
NA = not available/not applicable. 
* = value is the average of a sample and its duplicate. 
PCB = polychlorinated biphenyl. 
BHC = hexachlorocyclohexane. 

I DDD = dichlorodiphenyldiohloroethane. 
DDE = dichlorodiphenyldichloroethene. 

DDT = dichlorodiphenyltrichloroethane. 
2,4,5-TP = 2,4,5trichlorophenoxypropionic acid. 
2,4,5-T = 2,4,5-trichlorophenoxyacetic acid. 
2,4-D = 2,4dichlorophenoxyacetic acid. 
2,4-DB = 4-(2,4-dichlorophenoxy)butyric acid. 
NSC = no screening concentration available. 
Dichloroprop = 2-(2Jdichlorophenoxy)propionic acid. 
MCPA = 2-methyl-4chlorophenoxyacetic acid. 
MCPP = 2-methyl-4chlorophenoxypropionic acid. 



antimony, arsenic, barium, beryliium, c&r&n, chromium, copper, iron, lead, 
manganese, silver, and vanadium) were selected as CPCs. 

6.2.1.2 Groundwater Eighteen unfiltered groundwater samples, three filtered 
groundwater samples, and two duplicates were collected for chemical analysis 
during the RI. Only data from unfiltered samples were included in the HHRA. 
Groundwater sample locations evaluated in the HHRA (OLD-08-Ol through OLD-08-18) 
are indicated on Figure 2-3. Figure 4-3 depicts groundwater analytical results 
exceeding screening criteria as described in Chapter 4.0. 

Table 6-5 presents the analytes detected in groundwater at SA 8 and the CPCs 
selected. One SVOC (naphthalene), one pesticide (dieldrin), two herbicides 
(MCPA, and MCPP), and four inorganic compounds (aluminum, arsenic, iron, and 
manganese) were selected as CPCs. 

6.2.3 Exposure Assessment Potentially site-related chemicals from the 
Greenskeeper's Storage Area are pesticides, herbicides, metals, and solvents used 
as pesticide dispersants. These CPCs are only an issue where the three exposure 
factors are present and complete: (1) a chemical source or release, (2) an 
exposure point, and (3) an exposure route. The potential chemical source or 
release is established in the nature and extent of contamination portion of the 
RI (Chapter 4.0) and the subsequent selection of CPCs (Subsection 6.2.2). 
Lastly, currently complete or potentially complete future exposure routes must 
be identified. Exposure route in the HHRA are often hypothetical future routes 
such as a residential exposure. 

6.2.3.1 Potential Exposure Points Potential receptors exposed to contamination 
associated with SA 8 have been identified by considering present and future land 
and groundwater uses. SA 8 is currently used as a golf course greenskeeper's 
storage area. The golf course greenskeeper's storage area is surrounded by 
fencing, restricting access to the area. The eastern side of the fenced complex 
is bordered by grassy fairways of the recently closed golf course. 0f:Eicer's 
quarters are located approximately 850 feet to the west of the site. 

SA 8 also includes land outside the fencing. Although the golf course is no 
longer in use, site maintenance workers may still be accessing the storage area 
inside the fence, where the highest concentrations of contaminants exist. 
Additionally, trespassers may access the area outside the fence. No humans 
currently reside at SA 8. The proposed land reuse scenario for the area 
including SA 8 is multi-family residential units near SA 8 and an undeveloped 
recreational buffer zone bordering Lake Baldwin and encompassing most of SA 8. 

There are no drinking water wells onbase. The Main Base obtains its drinking 
water supply from the Orlando Utilities Commission and Winter Park Utilities 
(ABB-ES, 1994a). One of the Orlando Utilities Commission's supply wells is 
located at the southeast corner of the Main Base, within one half mile of SA 8. 
This well derives groundwater from a deep aquifer. 

The receptors that are reasonable to consider in the current scenario are 
trespassers and site maintenance workers. Recognizing probable future land uses, 
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Table 6-5 
Selection of Human Health Chemicals of Potential Concern 

Unfiltered Groundwater at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, florida 

Frequency Range of Range of Mean of Background USEPA Region Ill 
Florida 

Analyte 
Analyte of Reporting Detected Detected Screening Tap Water 

Groundwater Reason’ 
Detection‘ Limits Concentration* Concentration3 Concentration4 RBC’ Cleayvp$wt ~~~,~o~ 

Volatile Organic Compounds &g/l) 

Naphthalene l/15 0.01 to 11 25 25 NA 150 20 Yes 

Pesticides and PCBs @g/r) 

delta-BHC 2115 0.048 to 0.05 0.0051 to 0.0077 0.0064 NA 8o.o37 2.1 No S,G 

4,4’-DDT l/l4 . 0.095 to 0.1 0.0056 0.0056 NA . 0.2 0.1 No S,G 

Meldrin t/14 0.095 to 0.1 0.019 0.019 NA 0.0042 0.005 Yes 

Endosulfan l/14 0.095 to 0.1 0.012 0.012 NA 922 ‘42 No S,G 
sulfate 

Endrin t/14 0.095 to 0.1 0.01 0.01 NA 1.1 2 No S,G 

Endrin alde- l/14 0.095 to 0.1 0.0066 0.0066 NA ‘Ol.1 10 2 No S,G 
hyde 

Herbicides @g/l) 

2,4-D 10115 1.5 to 2 0.0051 to 0.22 0.1 NA 6.1 70 No S,G 
2,4-DB 10/15 1.5 to 5 0.046 to 2.0* 0.42 NA 29 56 No S,G 

Dalapon l/15 6 1.4 1.4 NA 110 200 No S,G 

Dichloroprop 3115 2 0.14 to 0.68* 0.41 NA “6.1 35 No S,G 
Dinoseb 2f15 0.75 to 1.5 0.28 to 0.42* 0.35 NA 0.61 7 No S,G 

MCPA 3115 60 to 500 640 to 1,200 833 NA 1.8 3.5 Yes 

MCPP 5/15 55 to 400 2OOto900 587 NA 3.7 7 Yes 

See notes at end of table 



Table 6-5 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Unfiltered Groundwater at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, florida 

Frequency Range of Range of 
Mean of 

Background USEPA Region Ill 
florida 

Analyte 
Analyte of Reporting Detected 

Detected 
Concentrati- Screening Tap Water 

Groundwater 
Cleanup Target CPC? Reason’ 

Detection’ Limits Concentration’ 
or? 

Concentration4 RBC’ 
Levels’ (Yes/W 

‘hamanic Analvtes (Ilall I 

4luminum 9118 16.7 to 155 87.3 to 1,870 860 4,067 3,700 200 Yes 

Antimony 2118 2to 4 2.9to 3.7 3.3 4.1 1.5 6 No B 

Arsenic 15118 2.2to 5.9 3.9 to 295 108 5 0.045 50 Yes 

3arium 15118 0.1 to 4.9 8 to.42.1 22.2 31.4 260 2,ooo No S,G 

Xcium 14/18 7.4 to 63,200 7,230 to 133,000* 51,300 36,830 ‘*l $X5,398 NSC No E 

Chromium 8118 0.8 to 4 0.83to 3.4 1.8 7.8 1318 109 No B,S,G 
kbalt 4118 0.5 to 0.8 1.2 to 2.3 1.8 ND 220 420 No S,G 

%pper 13/18 0.6 to 3.6 0.9 to 9.5 3.7 5.4 150 l,ooO No S,G 
ron 12118 13.4 to 141 198 to 5,800 1,110 1,227 1,100 300 Yes 

sad 4118 1.6 to 3.6 2.3 to 6.6 3.8 4 NSC 15 No G 

tianganese 16118 0.1 to 23.4 5.3 to 172 60 17 ‘473 50 Yes 

rlickel 10118 1.1 to 1.3 1.4 to 11.4 4.8 ND 73 106 No S,G 

‘otassium 11/18 3oto 4,570 4,980 to 16,000 10,509 5,400 “297,016 NSC No E 

sodium l/18 308to22,400 28,900 28,900 18,222 “396,022 160,000 No E,G 
lanadium 12118 0.6 to 0.7 0.86to 4.4 2.6 20.6 26 49 No 0,S,G 
Zee notes at end of table 



Table 8-5 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Unfiltered Groundwater at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

’ Frequency of detection is the number of samples in which the analyte is detected over the total number of samples analyzed. 
’ One-half the reporting limit was used for nondetects in calculating the mean. 
a The mean of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. It does not include those samples with “R,” “U,” or “UJ” 
validation qualifiers. 
4 The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the 
Naval Training Center Orlando Background Sampling Report (ABBES, 1995). 
’ For all chemicals except the essential nutrients (calcium, magnesium, potassium, and sodium), USEPA Region Ill RBCs tapwater values (USEPA, 1997). The RBC values 
are based on a carcinogenic risk of 1 x 10e6 and an adjusted hazard index of 0.1. For the essential nutrients, screening values were derived based on recommended daily 
allowances (Appendix E-3). 
’ Florida Department of Environmental Protection (FDEP) Groundwater Cleanup Target Levels (FDEP, 1998). 
’ Analyte was included or excluded from the risk assessment for the following reasons: 

B = the maximum detected concentration did not exceed twice the arithmetic mean of detected’concentrations at background locations and will not be considered 
further. 
S = the maximum detected concentration did not exceed the risk-based screening concentration and will not be considered further. 
G = the maximum detected concentration did not exceed the florida guidance concentration and will not be considered further. 
E = the maximum detected concentration did not exceed the essential nutrient screening concentration derived in Appendix E-3. 

’ RBC value for technical BHC. 
’ Value based on a mixture of Endosulfan isomers. 
lo Value for Endrin used as a surrogate. 
” Value for 2,4-D is used as a surrogate. 
I2 Essential nutrient value (Appendix E-3). 
la Value is based on hexavalent chromium. 
” Value is based on manganese-nonfood. 

Notes: USEPA = U.S. Environmental Protection Agency. DOT = dichlorodiphenyltrichloroethane. 
RBC = risk-based concentration. 2,4-D = 2,4dichlorophenoxyacetic acid. 
CPC = contaminant of potential concern. 2,4-DB = 4-(2,4dichlorophenoxy)butyric acid. 
m/m = micrograms per liter. Dichloroprop = 2-(2,4-dichlorophenoxy)propionic acid. 
NA = not available/not applicable. MCPA = 2-methyl-4chlorophenoxyacetic acid. 
PCB = poiychlorinated biphenyl. MCPP = 2-methyl-4chlorophenoxypropionic acid. 
BHC = hexachlorocyclohexane. 



the following potential receptors were identified: 

. Site maintenance workers, who perform routine lawn maintenance 
activities, such as: mowing, weed control, and sprinkler system 
repairs, 

. Commercial workers (assumes only indoor exposures, i.e., minimal 
contact with site soils), 

. Excavation workers, such as construction or installation of utility 
lines. 

. Recreational users, and 

. Future area residents. 

6.2.3.2 Potential Exposure Routes The conceptual site model for SA 8 is 
presented on Figure 6-l. The exposure pathways are shown in the conceptual 
model. The potentially complete pathways considered include: 

. Incidental ingestion, dermal contact, and inhalation of particulates of 
contaminants in soil; and 

. Ingestion of groundwater as drinking water by a future area resident. 

Currently, there are no drinking water wells at the site and potable water is 

i 
obtained from the City's public water supply wells offbase. If SA 8 is developed 

tl for residential use, drinking water wells in the surficial aquifer could be 
influenced by contaminants in the groundwater. Because the groundwater is at 
less than four feet, potable water will most likely continue to be obtainled from 
the City's water supply wells and not from drinking water wells at the site. 

Exposure of potential future adult and child residents (ingestion of drinking 
water) is, therefore, evaluated in the HHRA as a conservative measure. 

Summaries of potential exposure pathways of chemicals detected at SA 8 including 
medium and route of exposure, the potentially exposed population, and the 
rationale for pathway selection or exclusion are provided in Table 6-6. 

6.2.3.3 EPCs EPCs for surface soil and groundwater were developed according to 
the methodology in Paragraph 6.1.3.3. Using samples from the center of the 
arsenic plume, the groundwater EPC for arsenic and other inorganic compounds was 
calculatedusing data fromwells OLD-08-01, OLD-08-02, OLD-08-03, OLD-08-04, OLD- 
08-08, OLD-08-09, OLD-08-10, OLD-08-11, OLD 8-13, and OLD-08-17. The E:PC for 
MCPP and other organic compounds was calculated using samples from the center of 
the MCPP plume, which includedwells OLD-08-08, OLD-08-10, OLD-08-11, OLD-08-14, 
and OLD-08-15. The EPCs for analytes selected as CPCs for surface soil and 
groundwater are presented in Tables 6-7 and 6-8, respectively. The EPCs are used 
together with receptor-specific exposure parameters to quantify exposures to the 
CPCs as shown in the risk calculation spreadsheets in Appendix E-6. 

6.2.4 Toxicity Assessment The toxicity assessment methodology is described in 
Subsection 6.1.4. Dose-response values are located in Appendix E-8, and toxicity 
profiles are located in Appendix E-9. 
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Table 6-6 
Summary of Potential Exposure Pathways, Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, florida 

Medium of 
Exposure 

Route of Exposure Potentially Exposed Population 
Selected for 
Evaluation? 

Reason for Selection or Evaluation 

Current Land Use 

Surface soil 

Groundwater 

Future Lend Use 

Surface soil 

Dermal contact with soil, 
ingestion of soil, and 
inhalation of fugitive dust 

Ingestion of groundwater 
as drinking water. 

Dermal contact with soil, 
ingestion of soil, and 
inhalation of fugitive dust. 

Resident (adult and child) 
Trespasser (adult and adolescent) 
Commercial worker (adult) 
Site maintenance worker (adult) 
Excavation worker (adult) 

Resident (adult) 

Resident (child and adult) 
Recreational user (adult and adolescent) 
Commercial worker (adult) 
Site maintenance worker (adult) 
Excavation worker (adult) 

No 
Yes 
No 

Yes 
No 

No 

Yes 
Yes 
Yes 
Yes 
Yes 

No humans currently reside at Study Area (SA) 8. 
Adolescents and adults may be exposed to contaminants in 
the surface soil while trespassing. Site maintenance workers 
may be exposed to contaminants in surface soil while per- 
forming routine site activities. There are no commercial 
workers currently at SA 8. 

There are no current exposures to groundwater. 

lf SA 8 is developed for residential use, residents could be 
exposed to chemicals in surface soil. 

Exposure to contaminants in surface soil by recreational 
users, commercial workers, site maintenance workers, and 
excavation workers is possible. 

lf SA 8 is developed for residential use, drinking water wells 
in the surficlal aquifer could be influenced by contaminants 
in the groundwater associated with SA 8. 

Ingestion of groundwater 
as drinking water and 
inhalation of volatiles while 
showering 

Resident (adult and child) Yes 



Table-67” .-, 
Exposure Point Concentrations 

for Human Health Chemicals of Potential Concern 
for Surface Soil at Study Area 8 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Analyte 
Frequency 

Of 
Detection’ 

Maximum “^ 
Detected 

Concentration 

95% 
UCL’ 

Exposure 
Point 

Concentration3 

Benzo(a)pyrene equivalents 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(l,2&cd)pyrene 

Pesticides and PCBs (ygikgl 

Aldrin 

Aroclor-1260 

alpha-Chlordane 

gamma-Chlordane 

4,4’-DDD 

4,4’-DDE 

4,4’-DDT 

Dieldrin 

Heptachlor 

Heptachlor epoxide 

Herbicides @g/kg) 

MCPA 

MCPP 

lnoraanic Analvtes (mglkgl 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

See notes at end of table 

NA 

17/55 

14155 

21/55 

18/55 

18/55 

5/55 

1 o/55 

1,965 

1,300 

1,100 

3,700 

3,700 

1,900 

280 

460 

596 

290 

290 

310 

310 

306 

260 

280 

596 

290 

290 

310 

310 

300 

260 

260 

7155 49 2.3 2.3 

3/55 420 55 55 

46/56 3,700 91 91 

49155 2,900 71 71 

21155 780 15 15 

37155 1,600 100 100 

46155 2,200 70 70 

25/55 91 7.7 7.7 

2/66 680 3.6 3.6 

19155 130 3.7 3.7 

6154 
13/54 

54165 9,130 2,520 2,520 

10/55 16.3 1.2 1.2 

43155 90 25.3 25.3 

54155 135 27.1 27.1 

4/5s 2 0.12 0.12 

29/55 7.1 3 3 

53/65 208 30 30 

32,000 14,000 14,006 

99,000 34,000 34,000 
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Table 87 (Continued) 
Exposure Point Concentrations 

for Human Health Chemicals of Potential Concern 
for Surface Soil at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, florida 

i 
Frequency Maximum Exposure 

Analyte of Detected 95% 
UCL2 Point 

Detection’ Concentration Concentration3 

Inorganic Analvtes CmgnCg) (Continued) 

Wwer 46155 77.5 24.3 24.3 

Iron 52155 5,599 1,850 1,850 

Lead 53155 992 179 179 

Manganese 36155 414 94.6 94.6 

Silver 44/55 122 20.3 20.3 

Vanadium 53/55 18.6 5.6 ,5.6 

’ Frequency of detection is the number of samples in which the analyte was detected over the total number of samples 
analyzed (excluding rejected values). 
’ 95% UCL of the arithmetic mean is calculated using all samples. One-half the reporting limit is used as a surrogate for 
nondetects. 
’ Exposure point concentration is the lower of either the 95% UCL concentration or maximum detected concentration. 

Notes: % = percent. 
UCL = upper confidence limit. 
&kg = micrograms per kilogram. 
NA = not available/not applicable. 
PCB = polychlorinated biphenyl. 
DDD = dichlorodiphenyldichloroethane. 

DDE = dichlorodiphenyldichloroethene. 
DOT = dichlorodiphenyltrichloroethane. 
MCPA = 2-methyH-chlorophenoxyacetic acid. 
MCPP = 2-methyWchlorophenoxypropionic acid. 
mg/kg = milligrams per kilogram. 

- 
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Table ci-8 
. . 

Exposure Point Concentrations 
for Human Health Chemicals of Potential Concern 

for Unfiltered Groundwater at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Piorida 

Frequency Maximum Arithmetic 
Exposure 

Analyte of Detected Mean’ 
Point 

Detection’ Concentration Concentration3 
, 

Volatile Organic Comeounds &g/f 1 
,..- I * 

Naphthalene l/15 25 5 5 

Pesticides and PCBs fpg/LI 

Dieldrin l/14 0.02 0.038 0.02 

Herbicides @g/f 1 

MCPA 3115 1,200 284 284 

MCPP s/15 900 435 436 

Inorganic Analvtes (ClslL 1 

Aluminum 9/18 1,870 319 319 

Arsenic 15118 295 144 144 

Iron 12/18 5,800 382 362 

Manganese 16118 172 28.9 28.9 

’ Frequency of detection is the number’ of sampk in’which%e analyte ti&s ‘;rdtect~-“~~i’~~~~~~~~i~-~~~~~~ of’%nples ’ 
analyzed (excluding rejected values). 
’ Arithmetic mean of samples from wells within the plume (OLD-0801, OLD-08-02, OLD-08-03, OLD-08-W OLW8-08, OLD- 
08-09, OLD-08-10, OLD-O&l 1, OLD-O8-13 and OLD-0817 for arsenic and other inorganics; and OLD-08-98, OLD-98-10, OLD- 
08-l 1, OLD-O8-14, and OLD-0815 for MCPP and other organics). 
’ Exposure point concentration is the lower of either the arithmetic mean or maximum detected concentration. 

Notes: pg/P = micrograms per liter. 
PCB = polychlorinated biphenyl. 
MCPA = 2-methykkhlorophenoxyacetic acid. 
MCPP = 2-methykchlorophenoxypropionic acid. 
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6.2.5 Risk Characterization Current and future scenario risk estimates are 
% calculated for each exposure pathway and receptor at SA 8. Both carcinogenic and 

noncarcinogenic risks were estimated for each CPC for each complete exposure 
pathway for each medium. Risk calculations are documented in the spreadsheets 
in Appendix E-6. The relative significance of risk estimates is evaluated in 
terms of a comparison with acceptable risk limits established by USEPA and the 
State and by comparison of site concentrations to risk-based screening 
concentrations and other guidance values. 

6.2.5.1 Surface Soil Current Land Use The risk characterization results for 
current land use surface soil exposure scenarios are shown in Tables E-6.1 
through E-6.6 in Appendix E-6 to this report and are summarized in Table 6-9. 
For the current land use scenario, the cancer risks associated with expalsure to 
surface soil (ingestion, dermal contact, and fugitive dust inhalation) are 5~10~~ 
for an lifetime trespasser (combined adult and adolescent), and 1x10-" for a site 
maintenance worker. Both receptors' cancer risk values are at or below thke USEPA 
acceptable cancer risk range of 1 in 10,000 to 1 in l,OOO,OOO; howevler, the 
lifetime trespasser cancer risk exceeds the Florida level of concern of 1~10~~ 
(mainly due to arsenic). Figure 6-2 presents a summary of cancer risk associated 
with current land use. 

The noncancer risks associated with surface soil ingestion dermal contact and 
fugitive dust inhalation under the current land use scenario (adolescent and 
adult trespasser user, and site maintenance worker) are below USEPA's and FDEP's 
target HI of 1. Figure 6-3 presents a summary of the HIS associated with current 
land use. 

6.2.5.2 Surface Soil Future Land Use The risk characterization results for 
potential future land use surface soil exposure scenarios are shown in Tables 
E-6.1 through E-6.14 in Appendix E-6 to this report and are summarized in Table 
6-10. For potential future land use scenario, the cancer risks associated with 
exposure to surface soil (ingestion, dermal contact, and fugitive dust 
inhalation) are 5~10~~ for an lifetime recreational user (combined adult and 
adolescent), 1~10~~ for a site maintenance worker, 7~10~~ for an lifetime resident 
(combined adult and child), 9x10m6 for a commercial worker, and 3x10-' for an 
excavation worker. All of these receptors' cancer risks are within or below the 
USEPA acceptable cancer risk range of1 in 10,000 to 1 inl,OOO,OOO; however, the 
lifetime recreational user, lifetime resident, and commercial worker cancer risk 
exceed the Florida level of concern of 1x10-" (mainly due to arsenic, PA&, and 
beryllium). Figure 6-4 presents a summary of cancer risk associated with future 
land use. 

The noncancer risks associated with surface soil ingestion, dermal contact, and 
fugitive dust inhalation under the future land use scenario for all potential 
future receptors are below USEPA's and FDEP's target HI of 1, except for child 
resident. The child resident HI of 2.9 exceeds the USEPA and FDEP target HI of 
1 (mainly due to arsenic, MCPP, MCPA, and iron). Figure 6-5 presents a summary 
of HIS associated with future land use. 

6.2.5.3 Groundwater Current Land Use There are no current exposures to 
groundwater. Therefore, risk was not evaluated for the current land use 
scenario. 
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Risk Summary Current Land Use for Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Land Use I Exposure Route I HI * ELCR * 

Surface Soil: 

Adult Trespasser: Incidental ingestion 

Dermal contact 

Inhalation of particulates 

Total Adult Trespasser: 

Adolescent Trespasser: Incidental ingestion 

Dermal contact 

Inhalation of particulates 

Total Adolescent Trespasser: 

Total Risk to Trespasser (Adult and 
Adolescent) Exposed to Surface Soil: 

Site Maintenance Worker: Incidental ingestion 

Dermal contact 

Inhalation of patticulates 

Total Site Maintenance Worker: 

0.03 

0.02 

0.00004 

0.05 

2x10+ 

4x10” 

5x1o”0 

2x10m6 

0.05 

0.1 

o.rnIoo4 

0.2 

2x10e6 

1 xlo-6 

3x1o”o 

3x10-8 

NC 5x10-6 

0.01 

0.01 

o.clw1 

0.02 

9x10.’ 

3x10.’ 

3x10-9 

HI = hazard index. 
ELCR = excess lifetime cancer risk. 
NC = Not calculated because child and adult HIS are not adcfitjve.. 

:- ,‘-‘%*-Y _,_ *. 2,. 75~ p, . i ._ Ij f ,* *. “’ -” ,&y”* ” 
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Adolescent Recreational User: Incidental ingestion 0.05 2x10* 

Dermal contact 0.1 1 x10” 

Inhalation of particulates 0.00004 3 x 10 -‘O 

Total Adolescent Recreational User: 0.2 3x10-6 

Total Risk to Recreational User (Adult and 
Adolescent) Exposed to Surface Soil: NC 5x10-9 

Adult Resident: Incidental ingestion 0.2 2x10-5 

Dermal contact 0.1 4x1o-6 

Inhalation of partioulates o.w2 3x109 

Total Adult Resident: 0.3 2x10-5 

Child Resident: Incidental ingestion 2.3 5x10-= 

Dermal contact 0.6 4x10” 

Inhalation of particulates 0.006 3x10* 

Total Child Resident: 2.9 5x10’5 

Total Risk to Resident (Adult and Child) NC 7x10-5 
Exposed to Surface Soil: 

- 

i 
Table fi-10 

Risk Summary Future Land Use for Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Land Use I 

* 
Exposure Route I HI * ELCR * 

Surface Soil: 

Adult Recreational User: Incidental ingestion 0.03 2x10-6 

Dermal contact 0.02 4x10-7 

Inhalation of particulates o.oooo4 5x10-‘0 

Total Adult Recreational User: 0.05 2x10-6 

see notes at end of table 
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Table 6-10 (Coritinued) 
Risk Summary Future Land Use for Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 

Land Use 

Commercial Worker: 

Orlando, Florida 

I Exposure Route HI * ELCR * 

Incidental ingestfon OS -” 8x10.’ 

Dermal contact 0.05 1x10” 

Inhalation of particulates 0.001 2x10* 

Total Commercial Worker: 0.1 9x10“ 

Site Maintenance Worker: 

Excavation Worker: 

Incidental ingestion 0.01 9x10.’ 

Dermal contact 0.01 3x10“ 

Inhalation of particulates 0.oaol 3x10-9 

Total Site Maintenance Worker: 0.02 1 xlo-6 

Incidental ingestion 0.2 3x10-7 

Dermal contact 0.01 1 x10-s 

Inhalation of particulates 0.0001 1 x 10-10 

Total Excavation Worker: 0.2 3x10.’ 

Adult Resident: Ingestion of Groundwater as Drinking Water 41 

Total Adult Resident: 41 

Child Resident: Ingestion of Groundwater as Drinking Water 95 

Total Child Resident: 95 

Total Risk to Resident (Adult and Child) 
Exposed to Groundwater: 

Total Risk to Resident (Adult and Child) - 

NC 

NC 

2x10-3 

2x1o-3 

1 x1o-3 

1 x10-3 

3x10-3 

3x10-3 Exposed to Groundwater and Surface Soil: 

Notes: * = receptor totals may vary for spreadsheets due’to rounding algorithm. 
HI = hazard index. 
ELCR = excess lifetime cancer risk. 
NC = Not calculated because child and adult HIS are not additive. 
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6.2.5.4 Groundwater Future Land Use The risk characterization results -for 
future land use potential groundwater exposure scenarios are shown in Tables 
E-6.15 and E-6.16 in Appendix E-6 to this report and are summarized in Table 
6-10. For potential future land use scenarios, the cancer risks associated with 
groundwater ingestion are 3x10 -3 for an lifetime resident (combined adult and 
child). Cancer risks associated with groundwater inhalation were not evaluated 
because samples were not analyzed for VOCs. The potential future residential 
receptor cancer risk is above both the USEPA acceptable risk range of 1~10-~ to 
1x10+ and the FDEP level of concern of 1~10~~ (mainly due to arsenic, and to a 
lesser extent, dieldrin). Figure 6-6 presents a summary of cancer risk 
associated with future land use. 

The noncancer risks associated with groundwater ingestion under the future land 
use scenario for potential future adult (HI = 41) and child (HI = 95) residential 
receptors are above USEPA's and FDEP's target HI of 1 (mainly due to MCPA, 
arsenic, MCPP, and to a lesser extent, iron). Figure 6-7 presents a summary of 
HIS associated with future land use. 

6.2.5.5 Cumulative Cancer Risk Summary USEPA Region IV guidance requires an 
assessment of a cumulative receptor risk, No cumulative risks need to be 
calculated for current land use because there is currently only poltential 
exposure to soil. For future land use, the potential future residential receptor 
could potentially be exposed to both surface soils and groundwater. The cumu- 
lative risk of 3~10~~ is above the USEPA acceptable cancer risk range and the 
FDEP target level of concern. This risk is primarily due to arsenic in 
groundwater. 

6.2.6 Uncertainty Analysis General uncertainties associated with the 
collection, analysis, and evaluation of data; exposure assessment; toxicity 
assessment; and the risk estimation process are discussed in Subsection 6.1.6. 
Site-specific uncertainties that are important for the interpretation of the 
calculated risk estimates for surface soil and groundwater at SA 8 are discussed 
below. 

Inhalation RfDs. Because of the lack of inhalation RfDs for the CPCs in surface 
soil, RfDs were extrapolated from oral RfDs using oral absorption efficiency. 
It is unknown if this underestimates or overestimates the HIS associated with 
exposure to surface soil at SA 8; however, these noncancer risks are not likely 
to be significant when compared to risks due to incidental ingestion that are 
fully characterized. 

SQLs. SQLs were compared to the risk-based screening criteria and Florida 
regulatory guidelines for all analytes not selected as CPCs to assess whether the 
detection limits were adequate to detect analytes at levels of concern (SQLs of 
analytes with 100 percent frequency of detection were not evaluated). The SQLs 
for surface soil are adequate for this HHRA. The analytes detected in 
groundwater whose highest reported SQLs exceed their screening criteria are 
delta-BHC, dinoseb, and antimony. Although the SQLs for delta-BHC and dinoseb 
exceeded the screening criteria, the detected concentrations were less than the 
SQL. Because the laboratory equipment were able to detect the SQL, it was 
assumed that the SQLs fordelta-BHC and dinoseb are adequate for this HHRA. The 
one exception where the laboratory equipment only detected concentrations above 
the SQL is antimony. However, because the SQLwas below the background screening 
concentration, it is adequate for this HHRA. 
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Subsurface Soil Data. No subsurface soil samples were collected and analyzed. 
Therefore, exposures to potential excavation workers have not been completely 
characterized. 

Groundwater Data. Some uncertainty is associated with the representativeness of 
the groundwater data used to complete the risk evaluation at SA 8. Generally, 
because the low-flow purging and sampling method was used, turbidity in most 
unfiltered groundwater samples was minimal. The analytical results for some of 
the unfiltered samples may be biased high for inorganic constituents as a result 
of suspended solids. However, the results of filtered samples collected from 
groundwater with higher turbidity did not differ significantly from the 
corresponding unfiltered sample results. 

Arsenic. Concentrations of arsenic are aa source,_of uncertainty in the HHRA 
because there are several valence states in which arsenic exists. The valence 
states most prevalent in the environment are +3 and+5. A study by Jacobson-Kram 
and Montalbano (1985) concluded that trivalent arsenic (+3) is an order of 
magnitude more potent than pentavalent arsenic (+5). To determine in which state 
arsenic exists at SA 8, samples were analyzed for the two valence states 
(Appendix D). Results for the arsenic speciation indicate that the valence state 
of +3 (arsenite) predominates in both soil and groundwater samples. Arsenite to 
total arsenic ratios range from 0.69 to 0.87 in soil samples and 0.53 to 0.97 in 
groundwater samples. These results show that on average, 79 percent of the total 
arsenic found in OU 3 soil and groundwater is predominantly arsenite (+3). 
Arsenite to arsenate ratios in both OU 3 soil and groundwater samples conform to 
each other reasonably well, indicating similar geochemical environments or 
chemical sources. Eh and pH data support the arsenite/arsenate ratios found in 
both groundwater and soil data since in predominantly anaerobic environments 
(<300 mV) under typical pH ranges (pH 4 to S), arsenite appears to be the 
predominant species. Therefore, the risks calculated are presumed to be 
reasonably accurate with respect to the different valence states of arsenic. 

In addition, the arsenic CSF is a source of uncertainty in the HHRA because 
concentrations of arsenic that tend to be present in surface soil and groundwater 
in the area surrounding NTC, Orlando are high enough to consistently cause 
arsenic to be a significant contributor to cancer risks. The oral CSF for 
inorganic arsenic is based on dose-response data for skin cancer incidence 
obtained by Tseng et al. (1968). Individuals in this study were exposed to high 
levels of inorganic arsenic in drinking water (170 micrograms per milliliter 
k/mJl> . Arsenic exposure was approximated based on estimates of water intake. 
Other exposure pathways contributing to total exposure, such as ingestion of 
fish, livestock, and plants, were not assessed, potentially resulting in an 
underestimate of arsenic exposure. The oral slope factor was calculated using 
a model that assumes the dose-response curve is linear at low doses. Recent 
evidence suggests that low doses of arsenic may be largely detoxified by 
methylation, producing a non-linear dose-response curve (Goyer, 1991). In the 
Tseng et al. study, the normal detoxification pathways were probably overwhelmed; 
this, coupled with an underestimate of exposure, may have resulted in an 
overestimate of cancer risk. Therefore, cancer risk for SA 8 may be overes- 
timated. Based on the uncertainties associated with the arsenic CSF, risk 
management guidance (USEPA, 1988b) suggests that cancer riskmay be up to tenfold 
lower than predicted. 
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Central Tendency. According to the methodology described in this HHRA, central 
tendency carcinogenic risk to receptors that have risks exceeding Florida levels 
of concern are evaluated: current trespasser, future recreational user, current 
and future resident, and future commercial worker. The central tendency 
evaluation involved using the UCL of the mean concentration for surface soil and 
the mean of all concentrations for groundwater, as well as reasonable but less 
conservative exposure parameters. It is designed to provide a more probable risk 
level (USEPA, 1995a). The central tendency results and the central tendency 
exposure parameters are presented in Table E-6.40 through E-6.46 in Appendix E-6 
of this report. 

Only central tendency ingestion and dermal exposures were characterized, because 
the contribution from inhalation was insignificant compared to the total risk. 
The central tendency lifetime residential risk for surface soil is l~l()-~, and 
for groundwater is 7~10~~. The central tendency lifetime trespasser/recreational 
user risk for surface soil is 6x10-'. The central tendency commercial worker 
risk for surface soil is 3~10~~. 

For noncarcinogenic risks, the potential future adult and child residential 
receptor exceeded the FDEP target HI of 1. The central tendency child 
residential HI for surface soil is 1.5, and for groundwater is 66. The central 
tendency adult residential HI for groundwater is 28. 

The cancer risk range of 1~10~~ to 7~10~~ for lifetime residential receptor for 
surface soil, and 7~10~~ to 3~10~~ for groundwater, presented by the RME and 
central tendency exposure scenarios to surface soil for potential future 
residential receptors are useful as information to provide perspective for the 
risk manager and compliance with Agency guidance (USEPA, 1995a). 

6.2.7 RGOs RGOs are calculated for risk drivers according to the methodology 
presented in Subsection 6.1.7. The risks associated with surface soil did not 
exceed USEPA's risk criteria, although they did exceed the FDEP risk criteria. 
RGOs for surface soil and groundwater are presented in Tables 6-11 and 6-12, 
respectively. 

6.2.8 Summary of HHRA for Study Area 8 CPCs were identified and risks were 
estimated for surface soil and groundwater associated with SA 8. The relative 
significance of risk estimates is evaluated in terms of a comparison with 
acceptable risk limits establishedby USEPA and Florida andby comparison of site 
concentrations to risk-based screening concentrations and other guidance values. 
The following conclusions were drawn based on this HHRA: 

. The CPCs detected in surface soil do not pose unacceptable carcinogenic 
risks to the current and future receptors evaluated based on USEPA 
guidelines and target risk range of 1 in 10,000 to 1 in l,OOO,OOO. 

. The ELCR at SA 8, associated with exposure to soil for the current 
trespasser, potential future resident, potential future recreational 
user, and potential future commercial worker, exceed Florida's, target 
risk level of concern of 1~10~~ primarily due to arsenic, PAHs, and 
beryllium. 

. Noncancer risks associated with exposure to soil for the potential 
future child resident exceed both the USEPA and FDEP target HI of one 
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Table 6-l 1 
Remedial Goal Options for 

Surface Soil at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Total Excess Lifetime Cancer Risk 
Range of Exposure 

Total Hazard Index 
(Based on Risk Resident to 

(Based on Risk to Florida Soil 
Florida Soil Background 

Analyte 
Detected Point Adult and Child) 

Child Resident) Cleanup Target Ta~~e~~e~el 
Screening 

Concentra- Concentra- 
Level’ 

Concentra- 
tion tion 1 o-4 10-5 1o-6 3 1 0.1 (Leaching)’ t/on’ 

Semivolatile Organic Compounds lpg/kg) 

Benzo(a)pyrene equivalents 252 to 1,970 596 NR NR 70 NA NA NA 100 7,800 NA 

Herbicides &g/kg) 

MCPA ’ 6,000 to 32,060 14,000 NA NA NA NR NR 3,600 31,000 20 NA 

MCPP 3,700 to 99,ooo 34,000 NA NA NA NR NR 6,500 NSC NSC NA 

Inorganic Analvtes (mglkgl 

Arsenic (Residential) 1.4 to 90 25.3 NR 4.3 0.43 NR 21 2.1 0.8 29 1 

Arsenic (Recreational) 1.4to90 25.3 NR NR 7.2 NA NA NA 0.8 29 1 

Beryllium 0.14 to 2 0.12 NR NR 0.05 NA NA NA 0.3 63 0.09 

Iron 75.1 to 5,590 1,850 NA NA NA NR NR 1,540 23,000 NSC 712 

’ Values are from the Florida Department of Environmental Protection Soil Cleanup Target Goals (FDEP, 1998). 
’ The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the NTC 
Orlando Background Sampling Report (ABBES, 1995). 

Notes: &kg = micrograms per kilogram. 
NR = not reported because the calculated RGO exceeds the EPC. 
NA = not applicable. 
MCPA = 2-methyWchlorophenoxyacetic acid. 
MCPP = 2-methyl+chlorophenoxypropionic acid. 
mg/kg = milligrams per kilogram. 
NSC = no screening concentration available. 



Table 8-12 
Remedial Goal Options for Groundwater at Study Area 8 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Analyte 
Range of 
Detected 

Concentrations 

Total Excess Lifetime Cancer Risk Total Hazard Index 
Exposure (Based on Risk Resident to (Based on Risk to florida Federal Background 

Point Adult and Child) Child Resident) Groundwater Maximum 

Concentration Cleanup Concentration Screening 
Concentration3 

10-O KY5 IO9 3 1 0.1 Target Levels’ Levels* 

Pesticides and PCBs (us/l) 

Dieldrin 0.019 0.02 NR NR 0.004 NA NA NA 0.005 NSC NA 

Herbicides @g/t) 

MCPA 640 to 1,266 264 NA NA NA 23.1 7.7 0.77 7 NSC NA 

MCPP 200 to 900 435 NA NA NA 48 16 1.6 NSC NSC NA 

lnoraanic Analvtes @g/t) 

Arsenic 3.9 to 295 144 4.4 0.44 0.044 14.1 4.7 0.47 50 50 5 

Iron 198 to 5,866 362 NA NA NA NR NR 470 300’ NSC 1,227 

’ Values are from Florida Department of Environmental Protection Groundwater Cleanup Target Levels (FDEP, 1998). 
* Values are from USEPA Drinking Water Regulations and Health Advisories, February 1996. 
3 The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the 
NTC Orlando Background Sampling Report (ABB-ES, 1995). 
’ Secondary MCL 

Notes: m/f = micrograms per liter. 
NA = not applicable. 
NR = not reported because the calculated RGO exceeds the EPC. 
NSC = no screening concentration. 
MCPA = 2-methyl+chlorophenoxyacetic acid. 
MCPP = 2-methyl+chlorophenoxypropionic acid. 



primarily due to arsenic, MCPP, MCPA, and iron. All other current and 
future receptors have noncancer risks associated with exposure to soil .- 

below the USEPA and FDEP target HI of one. 

. There is no current use of groundwater. 

. Cancer risk levels for theoretical future use of groundwater as 
drinking water are above both the USEPA target cancer risk range and 
the FDEP target level of concern primarily due to arsenic, and to a 
lesser extent, dieldrin. 

. Noncancer risk levels for theoretical future use of groundwater as 
drinking water are above the USEPA and FDEP target HI of one primarily 
due to MCPA, arsenic, MCPP, and to a lesser extent, iron. 

. The cumulative risk associated with potential future residential 
exposure to soil and groundwater is 3~10~~ which is above the USEPA 
acceptable cancer risk range and the FDEP target level of concern. 
This risk is primarily due to arsenic in groundwater. 

Widespreadhigh concentrations of arsenic are the predominant contribu- 
tor to risks associated with potential exposure to soil and groundwa- 
ter. 

The central tendency surface soil cancer risks for the lifetime 
residential receptor, lifetime recreational receptor, and commercial 
worker were below the Florida level of concern. central tendency 
groundwater cancer risks for the lifetime residential receptor are 
above the USEPA target risk range (1~10~~ to 1~10~~) and Florida level 
of concern (1x10m6). central tendency and RME residential risks provide 
the risk managers and decision makers with a perspective of the true 
hypothetical risk range to future residents. 

,. ----+ * 

6.3 STUDY AREA 9, FORMER PESTICIDE HANDLING AND STORAGE. SA 9, is located in 
the southeast portion of Main Base, southeast of Lake Baldwin. The former'main 
building (Building 2132) and a smaller, unnumbered storage building were located 
south of what is now Trident Lane, and directly north of the fourth hole of the 
former golf course (Figure l-5). These buildings were demolished in 1981 (C.C. 
Johnson, 1985). There was reportedly a gravel sump located in the area where 
pesticides were mixed. An open-bottomed 55-gallon drum filled with gravel, 
presumably this sump, was excavated and removed as part of the IRA at SA 9 in 
September 1997 (SOUTHNAVFACENGCOM, 1997). The IRA report is included as Appendix 
A. 

The site currently consists of a large, flat (i.e., completely within the 95 foot 
elevation contour) grassy field. The entire surface of SA 9 is grass-covered, 
including the area backfilled following the IRA. There are scattered mature 
trees, particularly south of the former building locations. 

6.3.1 Data Evaluation The data evaluation process is described in Subsection 
6.1.1 above. Site-specific information is provided below. 

:"a. 
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Available Data There were 32 surface soil samples and 18 groundwater sample 
locations evaluated in this HHRA. Samples were considered surface soil if the 
bottom of the sampling interval was less than 2 foot bls. The samples were 
analyzed for TCL, VOCs SVOCs, PCBs, pesticides, herbicides, and TAL inorganic 
compounds. In addition, five surface soil samples and four groundwater samples 
were also analyzed for arsenic speciation as described in Section 4.4. The 
samples and detected analytes evaluated are presented in Appendix D. 

6.3.2 Selection of CPCs CPCs were identified for surface soil and groundwater 
at SA 9 based on the criteria described in Subsection 6.1.2. 

6.3.2.1 Surface Soil Thirty two surface soil samples and two duplicates were 
collected at SA 9 and submitted for chemical analysis during the RI. Surface 
soil sample locations evaluated in the HHRA (09SOO500 through 09302800, 0!3302901 
through 09SO3601, 09800802, 09SO3202, and 09803302; and duplicates 09SO0500D, 
09S01800D, and 09SO2901D) are indicated on Figure 2-2. 

There were also surface soil samples collected as confirmatory samples during the 
IRA. The analytical results of these confirmatory samples were not subjelcted to 
data validation. Because the RI data adequately characterized the contamination, 
there was no need to include the unvalidated IRA confirmatory samples. 

Table 6-13 presents the analytes detected in surface soil at SA 9 and the CPCs 
selected. Six pesticides (4,4'-DDD, 4,4'-DDE, 4,4'-DDT, alpha-chlordane, gamma- 
chlordane, and dieldrin), two herbicides (MCPA and MCPP), and six inorganic 
compounds (aluminum, antimony, arsenic, beryllium, copper, and silver) were 
selected as CPCs. 

1 

6.3.2.2 Groundwater Eighteen unfiltered groundwater samples, five filtered 
groundwater samples, and three duplicates were collected for chemical analysis 
during the RI. Groundwater sample locations evaluated in the HHRA (OLD-09-01 
through OLD-09-18) are indicated on Figure 2-4. Only data from unfiltered 
samples were included in the HHRA. 

Table 6-14 presents the analytes detected in groundwater at SA 9 and the CPCs 
selected. Two SVOCs (2,4-dichlorophenol, and naphthalene), seven pesticides 
(alpha-BHC, delta-BHC, gamma-BHC, aldrin, gamma-chlordane, dieldrin, and 
heptachlor epoxide), three herbicides (2,4-D, MCPA, and MCPP), and three 
inorganic compounds (arsenic, iron, and manganese) were selected as CPCs. 

6.3.3 Exposure Assessment Potentially site-related chemicals from the former 
Pesticide Handling and Storage Area are pesticides, herbicides, metals, and 
solvents used as pesticide dispersants. These CPCs are only an issue where the 
three exposure factors are present and complete: (1) a chemical soulrce or 
release, (2) an exposure point, and (3) an exposure route. The potential 
chemical source or release is discussed in Chapter 4.0, Lastly, currently 
complete or potentially complete future exposure routes must be identified. 
Often in the HHRA the exposure route is a hypothetical future route suc:h as a 
resident. 
6.3.3.1 Potential Exposure Points Potential receptors exposed to contamination 
associated with SA 9 have been identified by considering present and future land 
and groundwater uses. Grassy fairways of the recently closed golf course border 
SA 9 to the east. Trident Lane (asphalt paved) crosses the SA from southwest to 
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Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, florida 

Frequency Range of Range of Mean of Background USEPA florida Analyte 
Analyte of Reporting Detected Detected Screening Region Ill Soil Cleanup CPC? Reason’ 

Detection’ Limits Concentration’ Concentration3 Concentration4 RBC’ Target Levels’ Ives/W 

Semivolatile Organic Compounds (pg/kg) 

BMethylnaphthalene l/24 IO to 580 77 77 NA 310,000 1500,000 No s, G 

Benzo(b)fluoranthene l/24 10 to 580 58 58 NA 870 1,400 No S, G 

Benzo(k)fluoranthene l/24 10 to 580 80 80 NA 8,700 15,000 No S, G 

bis(2-Ethythexyl)phthalate 6124 340 to 580 3 to 220 120 NA 46,000 75,000 No S, G 

Di-n-octytphthalate l/24 340 to 580 1 1 NA . 160,000 1,500,000 No S, G 

Ruoranthene l/24 10 to 580 30 30 NA 310,000 2,800,000 No S, G 
Pyrene 4124 10 to 580 36 to 78 50 NA 230,000 ~,~,~ No S, G 
PesticMes and PCBs @g/kg1 

alpha-BHC l/32 1.8 to 230 0.52 0.52 NA 100 0.5 No F 

beta-BHC 3132 1.8 to 230 0.18 to 0.51 0.3 NA 360 2 No S, G 

delta-BHC l/32 1.8 to 230 5.4 5.4 NA 835o 206 No S, G 

gamma-BHC (Lindane) 4132 1.8 to 400 0.46 to 74* 19 NA 490 700 No S,G 

4,4’-DDD 18132 3.4 to 1,100 1.5* to 18,000* 1,500 NA 2,700 4,500 Yes 

4,4’-DDE 30132 3.4 to 1,100 0.22 to 860* 95 NA l,Q@J 3,200 Yes C 

4,4’-DDT 28132 3.4 to 1,100 0.43 to 7,800* 350 NA IWJ 32QO Yes 

alpha-chlordane 31132 1.8 to 570 0.43 to 4,600* 390 NA ‘1,800 83,000 Yes 

gamma-ohlordane 25132 1.8 to 570 0.086 to 5,100” 500 NA ‘1,800 e3,000 Yes 

Dieldrin 16132 3.4 to 440 0.15 to 17 4.3 NA 40 5 Yes 

Endosulfan II 4132 3.4 to 440 0.098 to 7 2.6 NA ‘047,000 ‘0410,000 No S, G 

See notes at end of table 
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Table 6-13 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Frequency Range of Range of Mean of Background USEPA Florida Analyte 
Analyte of Reporting Detected Detected Screening Region Ill Soil Cleanup CPC? Reason’ 

Detection’ Limits Concentration* Concentration3 Concentration4 RBC’ Target Levels’ C/ef-dW 
Pesticides and PCBs @g/kg) (Continued) 

Endosuffan sulfate 2132 3.4to 440 0.28 to 1.2 0.74 NA '047,000 '0410,000 No S, G 

Endrin 13132 3.4to 440 0.24 to 54 7.3 NA 2,300 21,000 No S, G 

Endrin aldehyde 6132 3.4to 440 0.11 to 1.3 0.45 NA "2,300 "21,000 No S, G 

Endrin ketone 2132 3.4to 440 1.1* to 1.4 1.2 NA "2,300 "21,000 No S, G 

Heptachlor 3132 1.8 to 230 0.12 to 2.3 1.2 NA 140 10 ’ No S, G 

Heptachlor epoxide 14132 1.8 to 230 0.052 to 29 5.3 NA 70 100 No S, 0 

Methoxychlor 2132 18 to 2,300 1.9 to 2.2 2.1 NA 39,000 380,000 No S, G 

Herbicides @g/kg) 

!,4,6-TP (silvex) l/25 2.1 to 10.5 1.7 1.7 NA 63,000 5Q0,OOO No S, G 

2,4,5-T l/25 2.6 to 13 3.8 3.8 NA 78,000 670,000 No S, G 

2,4-D 21125 5.3 to 26 0.076 to 24 9.7 NA 78,000 300 No S, G 

!/t-D8 18125 26 to 130 2.4 to 86 15.7 NA 63,000 64,ooo No S, G 

lalapon l/25 18.65 to 130 62 62 NA 230,000 NSC No S 

Iicamba l/25 2.6 to 13 85 85 NA 230,000 QBW No S, G 

Xchloroprop 3125 8.2 to 52 22to 66 38 NA '*63,000 270,000 No S, G 
Inoseb 7125 2.8 to 26 4.8 to 320 57 NA 7,800 74,000 No S, G 

UCPA I/25 220 to 21,000 67,000 67,000 NA 3,900 20 Yes 

UCPP 3125 310to 57,000 13,OaOto 77,000 51,000 NA 7,800 1320 Yes 
,-- --x-- -1 --_I -A 1-L.- 
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Table 6-13 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Frequency Range of Range of Mean of Background USEPA florida Analyte 
Analyte of Reporting Detected Detected Screening Region Ill Soil Cleanup CPC? Reason7 

Detection’ Limits Concentration’ Concentration3 Concentration4 RBC’ Target Levels’ (YWW 

Inorganic Analytes (mg/kg) 

Aluminum 31132 0.032 to 65.6 41* to 14,300 1,680 2,090 7,800 7,200 Yes 

Antimony l/32 0.0094 to 1.5 4.4 4.4 ND 3.1 26 Yes 

Arsenic 7132 0.0077 to 19.8 2.9 to 20.2 8.2 1.0 0.43 0.8 Yes 

Barium 21132 0.0002 to 4.2 2.8 to 65.3 20 8.7 550 105 No S, G 
Beryllium 5132 0.02 to 0.44 0.24* to 0.66 0.51 0.09 ‘16 0.3 Yes 

Cadmium 2132 0.06 to 0.69 0.12 to 0.74 0.43 0.98 147.8 1.5 No B, S, G 
Calcium 6132 0.12to 12,000 18,700 to 153,006 74,000 25,300 ‘9 600,000 NSC No E 

Chromium 22132 0.0017 to 2.7 0.41* to 21.1 5.5 4.6 "39 162Q0 No S, G 

Wver 15132 0.0013 to 5.6 1.1* to 54 12.8 4.1 310 9 Yes 

Iron 29132 0.02Qto 45.1 37.2*- 1,630 378 712 2,300 23,000 No S,G 
Lead 32132 NA 0.62 to 50.1 14.8 14.5 ‘7400 500 No St G 
Manganese 10132 0.21 to 22.6 7.7to 137 54.4 8.1 "160 l,f.joO No S, G 
Mercury 16132 0.04to 0.15 0.05 to 0.27 0.11 0.07 2.3 2.1 No S, G 
Nickel 8132 0.0022to 4.4 0.21*to 7 2.4 4.4 160 30 No S, G 
Selenium 2132 0.75 to 14.8 1.7 to 5.5 3.6 0.95 39 390 No S,G 

Silver 6132 0.15 to 2.7 0.2* to 60.1 10.9 1.8 39 390 Yes 

Vanadium 15132 0.0011 to 2.4 0.4*to 10.1 3.6 3.1 55 11 No S, G 
Zinc 3132 0.0023 to 30 54.6* to 187 102 17.2 2,300 23,000 No S, G 

See notes at end of table 
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Table 6-13 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

’ Frequency of detection is the number of samples in which the analyte is detected over the total number of samples analyzed. 
* One-half the reporting limit was used for nondetects in calculating the mean. 
3 The mean of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. lt does not include those samples with “R,” “U,” or “UJ” 
validation qualifiers. 
’ The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the Naval 
Training Center Orlando Background Sampling Report (ABB Environmental Services, Inc., 1995). 
’ For all chemicals except the essential nutrients (calcium, magnesium, potassium, and sodium), USEPA Region Ill RBCs residential soil values (USEPA, 1997). The RBC 
values are based on a carcinogenic risk of 1 x IO-’ and an adjusted hazard index of 0.1. For the essential nutrients, screening values were derived based on recommended 
daily allowances (Appendix E-3). 
’ Values are from residential cleanup goals in Florida Department of Environmental Protection (FDEP) Soil Cleanup Target Levels Direct Exposure Residential value unless 
the analyte was detected in groundwater then the lesser of the leeching end the direct exposure value is used for screening (FDEP, 1998). 
’ Analyte was included or excluded from the risk assessment for the following reasons: 

B = the maximum detected concentration did not exceed twice the arithmetic mean of detected concentrations at background locations and will not be considered 
further. 
S = the maximum detected concentration did not exceed the risk-based screening concentration and will not be considered further. 
G = the maximum detected concentration did not exceed the Florida SCTL and will not be considered further. 
F = the frequency of detection is less than 5 percent and will not be considered further. 
E = the maximum detected concentration did not exceed the essential nutrient screening concentration derived in Appendix E-3. 
C = included because at least one member of the chemical class was selected as an CPC. Classes include carcinogenic polynuolear aromatic hydrocarbons, and 
DDT and its degradation products. 

* Value for technical BHC. 
’ Value for ohlordane was used. 
lo Value is based on a mixture of Endosulfan isomers. 
” Value for endrin is used as a surrogate. 
” Value for 2,4-DB is used as a surrogate. 
l3 Value for MCPA is used as a surrogate. 
l4 Value is based on cadmium-food. 
” Essential nutrient value (Appendix E-3). 
” Value is based on hexavalent chromium. 
” RBC is not available for lead; value is from Revised Interim Guidance on Establishing Soil Lead Cleanup Levels at Superfund Sites (OSWER Directive 9355.4-12). 
” Value is based on manganese-nonfood. 

See notes at end of table 



Table 6-l 3 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Surface Soil Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Notes: USEPA = U.S. Environmental Services, Inc. 
RBC = risk-based concentration. 
CPC = contaminant of potential concern. 
rg/kg = micrograms per kilogram. 
NA = not available/not applicable. 
PCB = polychlorinated biphenyl. 
BHC = hexachlorocyclohexane. 
DDD = dichlorodiphenyldichloroethane. 
DDE = dichlorodiphenyldichloroethene. 
DDT = dichlorodiphenyltrichloroethane. 

2,4,5-TP = 2,4,5-trichlorophenoxypropionic acid. 
2,4,5-T = 2,4,5-trichlorophenoxyacetic acid. 
2,4-D = 2,4-dichlorophenoxyacetic acid. 
2,4-DB = 4-(2,4-dichlorophenoxy)butyric acid. 
NSC = no screening concentration available. 
Dichloroprop = 2-(2,4-dichlorophenoxy)propionic acid. 
MCPA = 2-methyWchlorophenoxyacetic acid. 
MCPP = 2-methyWchlorophenoxypropionic acid. 
mg/kg = milligrams per kilogram. 

.! 



Table 6-14 
Selection of Human Health Chemicals of Potential Concern 

Unfiltered Groundwater, Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Frequency Range of Range of Mean of Background USEPA Region 
Florida 

Analyte 
Analyte 

of Reporting Detected Detected Ill 
Groundwater 

Reason’ 
Detection’ 

Screening 
Limits Concentration’ Concentration’ Concentration4 Tap Water RBC5 Cl=y;Ofwt ~~~~~o~ 

Semivolatile Organic Compounds @g/t) 

2,4,bTrichlorophenol l/l6 0.01 to 10 2 2 NA 6.1 5 No S, G 

2,4-Dichlorophenol 2/16 0.01 to 10 2to200 100 NA 11 4 Yes 

2,4-Dimethyiphenol l/16 5.005 to 10 3.5* 3.5 NA 73 140 No S, G 

Z-Methylnaphthalene . 2116 0.01 to 10 3* to 14 8.5 . NA 150 20 No S, G 

2-Methylphenol l/16 5.005 to 10 3” 3 NA 180 35 No S, G 

l-Methylphenol l/16 5.005 to 10 4* 4 NA 18 4 No S, G 

Vaphthalene 6/16 0.01 to 10 1to83* 17 NA 160 20 Yes 

‘henol l/16 5.005 to 10 3.5* 3.5 NA 2,200 10 No S, G 
~esticidea and PCBs &g/l) 

alpha-BHC 2116 0.047 to 0.054 0 0042 to 1 0.5 NA 0.011 0.006 Yes 

delta-BHC 2116 0.047 to 0.054 0.021 to 0.3 0.16 NA b.037 2.1 Yes 

lamma-BHC 4116 0.047 to 0.054 0.0076 to 0.69 0.19 NA 0.052 0.2 Yes 

I,4’-DDD 2116 0.9 to 0.11 0.029 to 0.088 0.06 NA 0.28 0.1 No S, G 
I,4’-DDE 3116 0.09 to 0.11 0.0051 to 0.1 0.04 NA 0.2 0.1 No S, G 

I,4’-DDT 3116 0.09 to 0.11 0.0039 to 0.0092 0.01 NA 0.2 0.1 No S, G 

Udrin l/16 0.047 to 0.054 0.051 0.05 NA a004 0.005 Yes 

Jpha-Chlordane 2/16 0.047 to 0.054 0.028 to 0.11 0.07 NA *0.19 $2 No S, G 
.-- --.-- ~. ~. -, .-# . 3ee nores ar ena OT laobe 



Table 6-14 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Unfiltered Groundwater, Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Frequency Range of Range of Mean of Background USEPA Region 
Florida 

Analyte 
Analyte of Reporting Detected Detected Screening Ill 

Groundwater 
CPC? Reason’ 

Detection’ Limits Concentration* Concentration3 Concentration4 Tap Water RBC’ 
Cleanup Target 

Levels” (Yes/W 

Pesticiies and PCBs &g/l) (Continued) 

gamma-Chlordane 4/16 0.047 to 0.054 0.013 to 0.67 0.22 NA go.19 g2 Yes 

Dieldrin l/16 0.093 to 0.11 0.012 0.01 NA 0.0042 0.005 Yes 

Endosulfan I 2116 0.047 to 0.054 0.046 to 0.094 0.07 NA ‘O22 “42 No S, G 
Endosulfan II 2116 0.09 to 0.11 0.0075 to 0.0093 0.01 NA ‘022 “42 No S, G 
Endrin 2116 0.09 to 0.11 0.019 to 0.022 0.02 NA 1.1 2 No S, G 
Endrin aldehyde l/16 0.09 to 0.11 0.078 0.08 NA “1.1 0.1 No S, G 
Heptachlor epoxide 2116 0.047 to 0.054 0.044 to 0.1 0.07 NA 0.0012 0.2 Yes 

Methoxychlor l/16 0.291 to 0.54 0.0078 0.01 NA 18 40 No S, G 
Herbicides @g/f 1 

2,4-D 14/18 0.75 to 1.55 0.0012 to 110 8.1 NA 6.1 70 Yes 

2,4-DB 13118 1.5 to 50 0.14 to 1.8 0.59 NA 29 56 No S, G 
Dalapon 2/18 3 to 60 0.69 to 1.7* 1.2 NA 110 200 No S, G 
Dichloroprop 7118 1 to 20 0.18* to 2.1” 0.61 NA ‘*6.1 35 No S, G 

Dinoseb 3118 1.5 to 15 0.098 to 0.12 0.11 NA 3.7 7 No S, G 

MCPA 9/18 53 to 480 550* to 3,100 1,200 NA 1.8 3.5 Yes 

MCPP 7118 60 to 520 0.36 to 1,900 l,oM) NA 3.7 7 Yes 

See notes at end of table 



Table 6-14 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Unfiltered Groundwater, Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Ftorida 

Frequency Range of Range of Mean of Background 
Florida 

Analyte of Reporting Detected Detected Screening USEPA Region Ill Groundwater 
Analyte 

Detection’ 
Reason’ 

Limits Concentration’ Concentration’ Concentration4 
Tap Water REXI? Clea;;f$wt vf~,~o, 

Inorganic Analvtes lpg/t) 

Aluminum 18118 16.7 to 19.5 212 to 3,260 768 4,067 3,700 200 No B, S 

Antimony l/18 2 to 2.9 3.5 3.5 4.1 1.5 6 No 6, G 

Arsenic 8/18 2.2 - 5.9 2.2 to 264 78.7 5 l3 0.045 50 Yes 

Barium 16118 0.1 - 9.6 2.1* to 42.6* 14.1 31.4 . 260 zoo0 No S, G 
Calcium 14118 7.4 to 33,700 6,090* to 92,900* 31,600 36,830 ‘* 1,055,OOO NSC No E 

Chromium 12/18 0.8 to 6.3 0.81 to 3.7 1.6 7.8 ” 18 100 No B, G S, 

Cobalt 6118 0.5 to 0.8 0.55 to 1.9* 1 ND 220 420 No S, G 

Copper 7118 0.6 to 4.2 0.76 to 56 11.8 5.4 13,000 l,@JO No S, G 

Iron 16118 13.4 to 114 63.6 to 5,090 1,020 1,227 1,100 300 Yes 

Lead 3118 1.6 to 2.2 1.9 to 6.1 3.6 4 NSC 15 No G 

Magnesium l/18 6.7 to 2,410 8,600* 8,595 4,560 l4 118,807 NSC No S 

Manganese 14118 0.1 to 94.9 3 to 152* 44.6 17 73 50 Yes 

Mercury l/18 0.1 to 0.18 0.11 0.11 0.12 1.1 2 No B, S, G 

Nickel 9118 1.1 to 1.3 1.4 to 9.7 4.5 ND 73 100 No S, G 
Silver l/18 0.7 to 0.8 0.75 to 0.75 0.75 ND 18 100 No s, G 

Vanadium 14118 

See notes at end of table 

0.6 to 0.7 0.73 to 5.1 1.9 20.6 26 49 No 8, S, G 



Table 6-14 (Continued) 
Selection of Human Health Chemicals of Potential Concern 

Unfiltered Groundwater, Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

’ Frequency of detection is the number of samples in which the analyte is detected over the total number of samples analyzed. 
’ One-half the reporting limit was used for nondetects in calculating the mean. 
’ The mean of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. lt does not include those samples with “R,” “U,” or “UJ” 
validation qualifiers. 
4 The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the 
Naval Training Center Orlando Background Sampling Report (ABB Environmental Services, Inc., 1995). 
’ For all chemicals except the essential nutrients (calcium, magnesium, potassium, and sodium), USEPA Region Ill RBCs tapwater values (USEPA, 1997). The RBC values 
are based on a carcinogenic risk of 1 x 10“ and an adjusted hazard index of 0.1. For the essential nutrients, screening values were derived based on recommended daily 
allowances (Appendix E-3). 
’ Florida Department of Environmental Protection (FDEP) Groundwater Cleanup Target Levels (FDEP, 1998). 
’ Analyte was included or excluded from the risk assessment for the following reasons: 

’ B = the maximum detected concentration did not exceed twice the arithmetic mean of detected concentrations at background locations and will’ not be considered 
further. 
S = the maximum detected concentration did not exceed the risk-based screening concentration and will not be considered further. 
G = the maximum detected concentration did not exceed the Florida GCTLs and will not be considered further. 
E = the maximum detected concentration did not exceed the essential nutrient screening concentration derived in Appendix E-3. 

’ Value for technical BHC. 
’ Value for chlordane used. 
” Value is based on a mixture of Endosulfan isomers. 
” Value for Endrin is used as a surrogate. 
” Value for 2,4-D is used as a surrogate. 
l3 Value is based on arsenic as a carcinogen. 
” Essential nutrient value (Appendix E-3). 
l5 Value is based on hexavalent chromium. 

Notes: USEPA = U.S. Environmental Protection Agency. DDE = dichlorodiphenyldichloroethene. 
RBC = USEPA Region Ill Risk-Based Concentration. DDT = dichlorodiphenyltrichloroethane. 
CPC = contaminant of potential concern. 24-D = 2,4dichlorophenoxyacetic acid. 
&I = micrograms per liter. 2,4-DB = 4-(2,4-dichlorophenoxy)butyric acid. 
NA = not available/not applicable. Dichloroprop = 2-(2,4-dichlorophenoxy)propionic acid. 
* = value is the average of a sample and its duplicate. MCPA = 2-methyl-4chlorophenoxyacetic acid. 
PCB = polychlorinated biphenyl. MCPP = 2-methyWchlorophenoxypropionic acid. 
BHC = hexachlorocyclohexane. ND = not detected. 
DDD = dichlorodiphenyldichloroethane. NSC = no screening concentration available. 
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northeast. Although the golf course is no longer in use, access to the entire 
area is unrestricted. Lake Baldwin is approximately 200 feet northwest of the 
site. Officer's quarters are located approximately 200 feet to the west of the 
site. 

Although the golf course is no longer in use, site maintenance workers ma:y still 
be working at the site, performing activities such as mowing the grass. 
Additionally, trespassers may access the area. No humans currently reside at 
SA 9. The proposed land reuse scenario includes a residential area with a strip 
of land bordering the lake to be used for recreational purposes. The boundaries 
of the recreational buffer zone (limited development) have not been fully 
defined, but would likely encompass portions of SA 9. 

There are no drinking water wells onbase. The Main Base obtains its drinking 
water supply from the Orlando Utilities Commission and Winter Park Utilities 
(ABB-ES, 1994a). One of the Orlando Utilities Commission's supply wells is 
located at the southeast corner of'the Main Base, within one mile of SA !9. The 
groundwater source for this well is a deep aquifer. 

The receptors that are reasonable to consider in the current scenario are 
trespassers and site maintenance workers. Recognizing probable future land uses, 
the following potential receptors were identified: 

. Site maintenance workers, who perform routine lawn maintenance 
activities, such as: mowing, weed control, and sprinkler system 

, . . . repairs, 

. Commercial workers (assumes only indoor exposures, i.e., minimal 
contact with site soils), 

. Excavation workers performing activities such as construction or 
installation of utility lines. 

. Recreational users, and 

. Future area residents. 

A recreational user of surface water is not evaluated for this SA because Lake 
Baldwin was evaluated as a separate SA. 

6.3.3.2 Potential Exposure Routes The conceptual site model for SA 9 is 
presented on Figure 6-8. The exposure pathways are shown in the conceptual 
model. The potentially complete pathways considered include: 

. Incidental ingestion, dermal contact, and inhalation of particulates of 
contaminants in soil: and 

. Ingestion of groundwater as drinking water by a future area resident. 

Currently, there are no drinking water wells at the site and potable water is 
obtained from the City's public water supply wells offbase. If SA 9 is developed 
for residential use, drinking water wells in the surficial aquifer could be 
influenced by contaminants in the groundwater. Because the groundwater is at 

NTCRIFS.OlJ3 
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less than four feet, potable water will most likely continue to be obtained from 
the City's water supply wells and not from drinking water wells at the :site. 

Exposure of potential future adult and child residents (ingestion of drinking 
water) is, therefore, evaluated in the HHRA as a conservative measure. 

Summaries of potential exposure pathways of chemicals detected at SA 9 including 
medium and route of exposure, the potentially exposed population, and the 
rationale for pathway selection or exclusion are provided in Table 6-15. 

6.3.3.3 EPCs EPCs for surface soil and groundwater were developed accorlding to 
the methodology in Paragraph 6.1.3.3. Using samples from the center of the 
plume, the groundwater EPC was calculated using data from wells OLD-09-02, 
OLD-09-04, OLD-09-05, OLD-09-07, OLD-09-11, andOLD-09-12. The EPCs for analytes 
selected as CPCs for surface soil and groundwater are presented in Tables 6-16 
and 6-17, respectively. The EPCs are used together with receptor-specific 
exposure parameters to quantify exposures to the CPCs as shown in thie risk 
calculation spreadsheets in Appendix E-6. 

6.3.4 Toxicitv Assessment The toxicity assessment methodology is described in 
Subsection 6.1.4. Dose-response values are located inAppendix E-8, and toxicity 
profiles are located in Appendix E-9. 

6.3.5 Risk Characterization Current and future scenario risk estimates are 
calculated for each exposure pathway and receptor at SA 9. Both carcinogenic and 
noncarcinogenic risks were estimated for each CPC for each complete exposure 
pathway for each medium. Risk calculations are documented in the spreadsheets 
in Appendix E-6. The relative significance of risk estimates is evaluated in 
terms of a comparison with acceptable risk limits established by USEPA and the 
State and by comparison of site concentrations to risk-based screening 
concentrations and other guidance values. 

6.3.5.1 Surface Soil Current Land Use The risk characterization results for 
current land use surface soil exposure scenarios are shown in Tables E-6.24 
through E-6.29 in Appendix E-6 to this report and are summarized in Table 6-18. 
For the current land use scenario,' the cancer risks associated with exposure to 
surface soil (ingestion, dermal contact, and fugitive dust inhalation) are 2~10~~ 
for a lifetime trespasser (combined adult and adolescent), and 6x10-' for a site 
maintenance worker. Both receptors' cancer risk values are at or below the USEPA 
acceptable cancer risk range of 1 in 10,000 to 1 in l,OOO,OOO; however, the 
lifetime trespasser cancer risk exceeds the Florida level of concern of 1~10~~ 
(mainly due to beryllium and arsenic). 
risk associated with current land use. 

Figure 6-9 presents a summary of cancer 

The noncancer risks associated with surface soil ingestion dermal contact and 
fugitive dust inhalation under the current land use scenario (adolescent and 
adult trespasser, and site maintenance worker) are below USEPA's and FDEP's 
target HI of 1. Figure 6-10 presents a summary of the HIS associated with 
current land use. 

6.3.5.2 Surface Soil Future Land Use The risk characterization results for 
future land use potential surface soil exposure scenarios are shown in Tables 
E-6.24 through E-6.37 in Appendix E-6 to this report and are summarized in Table 
6-19. For potential future land use scenarios, the cancer risks associated with 

NTC-RIFS.OU3 
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Table 6-15 
Summary of Potential Exposure Pathways, Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Medium of Exposure Route of Exposure Potentially Exposed Population 
Selected for 
Evaluation? 

Reason for Selection or Evaluation 

Curent Land Use 

Surface soil Dermal contact with soil, Resident (adult and child) No No humans currently reside at Study Area (SA) 9. 
ingestion of soil, and Trespasser (adult and adolescent) Yes Adolescents and adults may be exposed to contaminants 
inhalation of fugitive dust Commercial worker (adult) No in the surface soil while trespassing. Site maintenance 

Site maintenance worker (adult) Yes workers may be exposed to contaminants in surface soil 
Excavation worker (adult) No while performing routine site activities. There are no 

commercial workers currently at SA 9. 

Groundwater Ingestion of groundwater Resident (adult) No There are no current exposures to groundwater. 
as drinking water. 

Futve Land Use 

Surface soil Dermal contact with soil, Resident (child and adult) Yes lf SA 9 is developed for residential use, residents could 
ingestion of soil, and Recreational user (adult and adolescent) Yes be exposed to chemicals in surface soil. 
inhalation of fugitive Commercial worker (adult) Yes 
dust. Site maintenance worker (adult) Yes Exposure to contaminants in surface soil by recreational 

Excavation worker (adult) Yes users, commercial workers, site maintenance workers, 
and excavation workers is possible. 

Groundwater Ingestion of groundwater Resident (adult and child) Yes If SA 9 is developed for residential use, drinking water 
as drinking water and wells in the surficial aquifer could be influenced by con- 
inhalation of volatiles taminants in the groundwater associated with SA 9. 
while showering 



Table 6-16 
Exposure Point Concentrations 

for Human Health Chemicals of Potential Concern 
for Surface Soil at Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, florida 

Frequency Maximum Exposure 
Analyte of Detected 95% 

UCLZ 
Point 

Detection’ Concentration Concentration3 

Pesticides and PCBs (pglkg) 

4,4’-DDD 18132 18,000 3,160 3,100 

4,4’-DDE 30132 860 450 450 

4,4’-DDT 28132 7,800 370 370 

Dieldrin 16132 17 22.9 17 

alpha-Chlordane 31/32 4,600 68oD 4606 

gamma-Chlordane 25132 5,100 16,ooO 5,160 

Herbicides &g/kgJ 

MCPA l/25 67,oQo 17,OCKl 17,660 

MCPP 3125 ~,ooo 54,000 54,ooo 

Inorganic Analvtes (mglkg) 

Aluminum 31/32 14,300 5,546 5,540 

Antimony t/32 4.4 0.5 0.5 

Arsenic 7132 20.2 2.8 2.8 

Beryllium S/32 0.66 0.25 0.25 

Cwper l5/32 . 54 15.2 15.2 

Silver 6/32 60.1 p.87 9.87 

’ Frequency of detection is the number of samples in which the analyte was detected over the total number of 
samples analyzed (excluding rejected values). 
2 95% UCL of the arithmetic mean is calculated using all samples. One-half the contract-required quantitation 
limit/contract-required detection limit is used as a surrogate for nondetects. 
3 Exposure point concentration is the lower of either the 95% UCL concentration or maximum detected concentra- 
tion. 

Notes: % = percent. 
UCL = upper confidence limit. 
PCB = polychlorinated biphenyl. 
m/kg = micrograms per kilogram. 
DDD = dichlorodiphenyldichloroethane. 

DDE = dichlorodiphenyldichloroethene. 
DDT = dichlorodiphenyftrichloroethane. 
MCPA = 2-methyl4chlorophenoxyacetfc acid. 
MCPP = 2-methyl4chlorophenoxypropionic acid. 
mg/kg = milligrams per kilogram. 
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Table’ 6-l 7 
Exposure Point Concentrations 

for Human Health Chemicals of Potential Concern 
for Unfiltered Groundwater at Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

I I 

Semivolatile Organic ComDounds @g/f 1 

2,4Dichlorophenol 2116 200 37 37 

Naphthalene 6/16 83 5.7 5.7 

Pesticides and PCBs @g/L) 

alpha-BHC 2/16 ’ 1.0 0.184 0.184 

delta-BHC 2116 0.3 0.07 0.07 

gamma-BHC 4116 0.69 0.132 0.132 

Aidrin l/16 0.05 0.029 0.029 

gamma-Chlordane 4116 0.69 0.154 0.154 

Dieldrin l/16 0.01 0.048 0.01 

Heptachlor epoxide 2116 0.1 0.04 0.04 

Herbicides @g/L 1 

24-D 14118 110 19 19 

MCPA Q/18 3,100 1,282 1,282 

MCPP 7118 1,900 1,181 1,181 

Inorganic Analvtes @g/f I 

Arsenic 8118 264 94 94 

Iron 16118 5,090 752 752 

Manganese 14/18 152 25 25 

’ Frequency of detection is the number of samples% \h;hich the analyte was detected over the total 
number of samples analyzed (excluding rejected values). 
’ Arithmetic mean of samples from wells within the plume (OLD-09-02, OLD-0904, OLD-OQ-05, 
OLD-9-07, OLD-09-l 1, and OLD-OQ-12). 
3 Exposure point concentration is the lower of either the arithmetic mean or maximum detected 
concentration. 

Notes: m/O = micrograms per liter. 
PCB = polychlorinated biphenyl. 
BHC = hexachlorocyclohexane. 
2,4-D = 24dichlorophenoxyacetic acid. 
MCPA = Bmethykl-chlorophenoxyacetic acid. 
MCPP = 2-methyl-4chlorophenoxypropionic acid. 
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Table 6-18 
Risk Summary Current Land Use for Study Area 9 

Surface Soil: 

Land Use 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Rlorida 

I Exposure Route 

I. ,, ,l .., 

I HI* ELCR* 

Adult Trespasser: Incidental ingestion 

Dermal contact 

Inhalation of particulates 

Total Adult Trespasser: 

Adolescent Trespasser: Incidental ingestion 

Dermal contact 

Inhalation of particulates 

Total Adolescent Trespasser: 

Total Risk to Trespasser (Adult and Adolescent) 
Exposed to Surface Soil: 

Site Maintenance Worker: Incidental ingestion 

Dermal contact 

Inhalation of particulates 
. . . 

Total Site Maintenance Worker: 

Notes: HI = hazard index. 
* = receptor totals may vary for spreadsheets due to rounding algorithm. 
ELCR = excess lifetime cancer risk. 
NC = Not calculated because child and adult HIS are not additive. 

0.02 5x10-7 

0.02 5x10” 

0600001 6x10”’ 

0.04 1 x 10’6 

0.04 4x10-7 

0.1 1 x10T6 

o.OOOOO2 4X10”’ 

0.1 1 x10” 

NC 2x10-6 

0.008 2x10-7 

0.01 4x10” 

0600005 3x1o-‘O 

0.02 6x10-’ 
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lE-04 , I 1 

1 E-07 

USEPA 
Acceptable 
Risk 
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Risk 
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Receptor 

Site Maintenance Worker 

REMEDIAL INVESTIGATION AND 
CANCER RISK SUMMARY FEASIBILITY STUDY 
CURRENT LAND USE FOR SURFACE SOIL OPERABLE UNIT 3 
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l? D 
USEPA & 

’ FDEP 
Acceptable 
Hazard Index 

0.1 

0.01 

v 0.001 
u 
E 
e 

8 
I 0.0001 

0.00001 

0.000001 

0.0000001 
Adult Trespasser Adolescent Trespasser 

Receptor 

Site Maintenance Worker 

NONCANCER RISK SUMMARY FEASIBILITY STUDY 
CURRENT LAND USE FOR SURFACE SOL OPERABLE UNIT 3 
AT STUDY AREA 9 
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Tabie S-10 
‘. 

Risk Summary Future Land Use for Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Land Use Exposure Route I HI * ELCR * 
I!. a Surface Soil: 

Adult Recreational User: Incidental ingestion 

Dermal contact 

Inhalation of particulates 

Total Adult Recreational User: 

0.02 5x10-7 

0.02 5x10.’ 

o.OOOOO1 6x10-” 

0.04 1 x10-@ 

Adult Resident: 

Adolescent Recreational User: lncfdental :!ngestion 

Dermal contact 

Inhalation of particulates 

Total Adolescent Recreational User: 

Total Risk to Recreational User (Adult and 
Adolescent) Exposed to Surface Soil: 

0.04 

0.1 

0.000002 

0.1 

NC 

Incidental ingestion 0.2 

Dermal contact 0.2 

Inhalation of particulates 0.00006 

Total Adult Resident: 0.4 

Child Resident: Incidental ingestion 

Dermal contact 

Inhalation of particulates 

Total Child Resident: 

Total Risk to Resident (Adult and Child) 
Exposed to Surface Soil: 

1.7 

0.7 

0.0002 

2.4 

NC 

Occupational Worker: Incidental ingestion 0.06 

Dermal contact 0.05 

Inhalation of particulates 0.00004 

Total Occupational Worker: 0.1 

Site Maintenance Worker: Incidental ingestion 0.008 

Dermal contact 0.01 

Inhalation of particulates 0.000005 

4x10“ 

1 x10-6 

4x10-1’ 

1 x10-6 

2x1o-6 

5x1o‘6 

5x10% 

4x10” 

1 x lo’= 

1 x10= 

5x10-6 

3x109 

2x10-5 

3x10” 

2x10-6 

1 xlo-B 

3x10-9 

3x10” 

2x10-’ 

4x10-7 

3xlo-‘O 

See notes at end of table 

Total Site Maintenance Worker: 

*.. ,* ^ rj 

0.62 6x10-’ 
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Table 6-19 (Continued) 
Risk Summary Future Land Use for Study Area 9 

Land Use 

Excavation Worker: 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 1 

I Exposure Route I HI* ELCR* 

Incidental ingestion 0.07 8x10” 

Dermal contact 0.01 2:x10-* 

Inhalation of particulates 0.000005 1 x10”” 

Total Excavation Worker: 0.68 1 x10“ 

Groundwater: 

Adult Resident: Ingestion of Groundwater as Drinking Water 112 1 x 10’3 

Total Adult Resident: 112 1 x10-J 

Child Resident: 

Notes: HI = hazard index. 

Ingestion of Groundwater as Drinking Water 261 8x1O4 

Total Child Resident: 261 8x10”’ 

Total Risk to Resident (Adult and Child) 
Exposed to Groundwater: NC 2x1o’3 

Total Risk to Resident (Adult and Child) 
Exposed to Groundwater and Surface Soil: NC 2x10” 

* = receptor totals may vary for spreadsheets due to rounding algorithm. 
ELCR = excess lifetime cancer risk. 
NC = Not calculated because child and adult HIS are not additive. 
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exposure to surface soil (ingestion, dermal contact, and fugitive dust 
inhalation) are 2X10+ for a lifetime recreational user (combined adult and ., . . ","." * ,_ ‘-+ ".sI.c. ,~ ., l." /i.LI..,i. 
adolescent), 6~10~~ for a site maintenance worker, 3x10-' for a lifetime resident 
(combined adult and child), 3~10~~ for a commercial worker, and 1~10~~ for an 
excavation worker. All of these receptors' cancer risks are within or below the 
USEPA acceptable cancer risk range of 1 in 10,000 to 1 in l,OOO,OOO; however, the 
lifetime recreational user, lifetime resident, and commercial worker cancer risk 
exceed the Florida level of concern of 1~10~~ (mainly due to arsenic, beryllium, 
and alpha- and gamma- chlordane). Figure 6-11 presents a summary of cancer risk 
associated with future land use. 

The noncancer risks associated with surface soil ingestion dermal contact and 
fugitive dust inhalation under the future land use scenario for all potential 
future receptors are below USEPA's and FDEP's target HI of 1, except for child 
resident. The child resident HI of 2.4 exceeds the USEPA and FDEP target HI of 
1 (mainly due to MCPP, MCPA, and to a lesser extent, arsenic). Figure 6-12 
presents a summary of HIS associated with future land use. 

6.3.5.3 Groundwater Current Land Use There are no current exposures to 
groundwater. Therefore, risk was not evaluated for the current land use 
scenario. 

6.3.5.4 Groundwater Future Land Use The risk characterization results for 
future land use potential groundwater exposure scenarios are shown in Tables 
E-6.38 and E-6.39 in Appendix E-6 to this report and are summarized in Table 
6-19. For potential future land use scenario, the cancer risks associated with 
groundwater ingestion are 2x10 -3 fpr an lifetime resident (combined adult and .cY-h 
child). Cancer risks associated with groundwater inhalation were not evaluated 
because samples were not analyzed for VOCs. The potential future residential 
receptor cancer risk is above both the USEPA acceptable risk range of 1~10~~ to 
1~10~~ and the FDEP level of concern of 1~10~~ (mainly due to arsenic, alpha-BHC, 
aldrin, dieldrin, heptachlor epoxide, and gamma-BHC). Figure 6-13 presents a 
summary of cancer risk associated with future land use. 

The noncancer risks associated with groundwater ingestion under the future land 
use scenario for potential future adult (HI = 112) and child (HI = 261) 
residential receptors are above USEPA's and FDEP's target HI of 1 (mainly due to 
MCPA, MCPP, arsenic, and 2,4-dichlorophenol). Figure 6-14 presents a summary of 
HIS associated with future land use. 

6.3.5.5 Cumulative Cancer Risk Summary USEPA Region IV guidance requires an 
assessment of a cumulative receptor risk. No cumulative risks need to be 
calculated for current land use because there is currently only potential 
exposure to soil. For future land use, the potential future residential receptor 
could potentially be exposed to surface soils and groundwater. The cumulative 
risk of 2~10~~ is above the USEPA acceptable cancer risk range and the FDEP 
target level of concern. This risk is primarily due to arsenic in groundwater. 

6.3.6 Uncertainty Analysis General uncertainties associated with the 
collection, analysis, and evaluation of data; exposure assessment; toxicity 
assessment; and the risk estimation process are discussed in Subsection 6.1.6. 
Site-specific uncertainties that are important for the interpretation of the 
calculated risk estimates for surface soil and groundwater at SA 9 are discussed 
below. 
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Inhalation RfDs. Because of the lack of inhalation RfDs for the CPCs in surface 
soil, RfDs were extrapolated from oral RfDs using oral absorption efficiency. 
It is unknown if this underestimates or overestimates the HIS associated with 
exposure to surface soil at SA 9; however, these noncancer risks are not likely 
to be significant when compared to risks due to incidental ingestion that are 
fully characterized. 

SQLs. SQLs were compared to the risk-based screening criteria and Florida 
regulatory guidelines for all analytes not selected as CPCs to assess whether the 
detection limits were adequate to detect analytes at levels of concern (SQLs of 
analytes with 100 percent frequency of detection were not evaluated). The 
analytes detected in surface soil whose highest reported SQLs exceed their 
screening criteria are alpha-BHC, dieldrin, heptachlor, and heptachlor epoxide. 
Although these analyte SQLs exceeded the screening criteria, the detected 
concentrations were less than the SQL. Because the laboratory equipment were 
able to detect the SQL, it was assumed that the SQLs for surface soil for alpha- 
BHC, dieldrin, heptachlor, and heptachlor epoxide are adequate for this HHRA. 

The analytes detected in groundwater whose highest reported SQLs exceed their 
screening criteria are 2,4,6-trichlorophenol, 2,4-DB, dichloroprop, dinoseb, and 
antimony. Although these analyte SQLs exceeded the screening criteria, the 
detected concentrations, except for antimony, were less than the SQL. Because 
the laboratory equipment were able to detect the SQL, it was assumed that the 
SQLs for 2,4,6-trichlorophenol, 2,4-DB, dichloroprop, and dinoseb are adequate 
for this HHRA. The one exception where the laboratory equipment only detected 
concentrations above the SQL is antimony. However, because the SQLwas be:Low the 
background screening concentration, it is adequate for this HHRA. 

Subsurface Soil Data. No subsurface soil samples were collected and analyzed. 
Therefore, exposures to potential excavation workers have not been completely 
characterized. 

Groundwater Data. Some uncertainty is associated with the representativeness of 
the groundwater data used to complete the risk evaluation at SA 9. Generally, 
because the low-flow purging and sampling method was used, turbidity in most 
unfiltered groundwater samples was minimal. The analytical results for some of 
the unfiltered samples may be biased high for inorganic constituents as a result 
of suspended solids. However, the results of filtered samples collected from 
groundwater with higher turbidity did not differ significantly from the 
corresponding unfiltered sample results. 

Arsenic. Concentrations of arsenic are a source of uncertainty in the HHRA 
because there are several valence states in which arsenic exists. The valence 
states most prevalent in the environment are +3 and +5. A study by Jacobson-Kram 
and Montalbano (1985) concluded that trivalent arsenic (+3) is an order of 
magnitude more potent thanpentavalent arsenic (+5). To determine in which state 
arsenic exists at SA 9, samples were analyzed for the two valence states 
(Appendix D). Results for the arsenic speciation indicate that the valence state 
of +3 (arsenite) predominates in both soil and groundwater samples. Arsenite to 
total arsenic ratios range from 0.69 to 0.87 in soil samples and 0.53 to 0.97 in 
groundwater samples. These results'show that on average, 79 percent of the total 
arsenic found in OU 3 soil and groundwater is predominantly arsenite (+3). 
Arsenite to arsenate ratios in both OU 3 soil and groundwater samples conform to 
each other reasonably well, indicating similar geochemical environments or 
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chemical sources. Eh and pH data support the arsenite/arsenate ratios found in 
both groundwater and soil data since in predominantly anaerobic environments 
(<300 mV) under typical pH ranges (pH 4 to 8), arsenite appears to be the 
predominant species. Therefore, the risks calculated are presumed to be 
reasonably accurate with respect to the different valence states of arsenic. 

In addition, the arsenic CSF is a source of uncertainty in the HHRA because 
concentrations of arsenic that tend to be present in surface soil and groundwater 
in the area surrounding NTC, Orlando are high enough to consistently cause 
arsenic to be a significant contributor to cancer risks. The oral CSF for 
inorganic arsenic is based on dose-response data for skin cancer incidence 
obtained by Tseng et al. (1968). Individuals in this study were exposed to high 
levels of inorganic arsenic in drinking water (170 pg/rnl). Arsenic exposure was 
approximated based on estimates of water intake. Other exposure pathways 
contributing to total exposure, such as ingestion of fish, livestock, and plants, 
were not assessed, potentially resulting in anunderestimate of arsenic exposure. 
The oral slope factor was calculated using a model that assumes the dose-response 
curve is linear at low doses. Recent evidence suggests that low doses of arsenic 
may be largely detoxified by methylation, producing a non-linear dose-response 
curve (Goyer, 1991). In the Tseng et al. study, the normal detoxification 
pathways were probably overwhelmed; this, coupled with an underestimate of 
exposure, may have resulted in an overestimate of cancer risk. Therefore, cancer 
risk for SA 9 may be overestimated. Based on the uncertainties associated with 
the arsenic CSF, risk management guidance (USEPA, 198813) suggests that cancer 
risk may be up to tenfold lower than predicted. 

Central Tendency. According to the methodology described in this HHRA, central .-f--x 
tendency carcinogenic risk to receptors that have risks exceeding Florida levels 
of concern are evaluated: current trespasser, future recreational user, current 
and future resident, and future commercial worker. The central tendency 
evaluation involved using the UCL of the mean concentration and reasonable but 
less conservative exposure parameters, It is designed to provide a more probable 
risk level (USEPA, 1995a). The central tendency results and the central tendency 
exposure parameters are presented in Table E-6.40 through E-6.46 in Appendix E-6 
of this report. 

Only central tendency ingestion and.dermal exposures were characterized, because 
the contribution from inhalation was insignificant compared to the total risk. 
The central tendency lifetime residential risk for surface soil is 4x10s6, and 
for groundwater is 5~10~~. The central tendency lifetime recreational user risk 
for surface soil is 3x10e7. The central tendency commercial worker risk for 
surface soil is 1x10s7. 

For noncarcinogenic risks, the potential future adult and chil,d residential 
receptor exceeded the FDEP target HI of 1. The central tendency child 
residential HI for surface soil is 1.3, and for groundwater is 183. The central 
tendency adult residential HI for groundwater is 78. 

The cancer risk range of 4~10~~ to 3~10~~ for lifetime residential receptor for 
surface soil, and 5~10~~ to 2~10~~ for groundwater, presented by the RME and 
central tendency exposure scenarios to surface soil for potential future 
residential receptors are useful as information to provide perspective for the 
risk manager and compliance with Agency guidance (USEPA, 1995a). -J---F 
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6.3.7 RGOs RGOs are calculated for risk drivers according to the methodology 
presented in Subsection 6.1.7. The risks associated with surface soil did not 
exceed USEPA's risk criteria, although they did exceed the FDEP risk criteria. 
RGOs for surface soil and groundwater are presented in Tables 6-20 and 6-21, 
respectively. 

6.3.8 Summarv of HHRA for SA 9. CPCs were identified and risks were estimated 
for surface soil and groundwater associatedwith SA 9. The relative significance 
of risk estimates is evaluated in terms of a comparison with acceptable risk 
limits established by USEPA and Florida and by comparison of site concentrations 
to risk-based screening concentrations and other guidance values. The following 
conclusions were drawn based on this HHRA: 

. 

. 

. 

. 

. 

The CPCs detected in surface soil do not pose unacceptable carcinogenic 
risks to the current and future receptors evaluated based on USEPA 
guidelines and target risk range of 1 in 10,000 to 1 in l,OOO,OOO. 

The ELCR at SA 9, associated with exposure to soil for the current 
trespasser, potential future resident, potential future recreational 
user, and potential future commercial worker, exceeded Florida's target 
risk level of concern 1~10~~ primarily due to arsenic, beryllium, alpha- 
chlordane, and gamma-chlordane. 

Noncancer risks associated with exposure to soil for the potential 
future child resident exceeded both the USEPA and FDEP target-HI of one 
primarily due to MCPP, MCPA, and to a lesser extent, arsenic. 

There is no current use of groundwater. 

Cancer risk levels for theoretical future use of groundwater as 
drinking water are above both the USEPA target cancer risk range and 
the FDEP target level of concern primarily due to arsenic, alpha-BHC, 
aldrin, dieldrin, heptachlor epoxide, and gamma-BHC. 

Noncancer risk levels for theoretical future use of groundwa,ter as 
drinking water are above the USEPA and FDEP target HI of one primarily 
due to MCPA, MCPP, arsenic, and 2,4-dichlorophenol. 

The cumulative risk associated with potential future residential 
exposure to soil and groundwater is 2~10~~ which is above the USEPA 
acceptable cancer risk range and the FDEP target level of concern. 
This risk is primarily due to arsenic in groundwater. 

The central tendency surface soil cancer risks for lifetime residen- 
tial, lifetime recreational, and commercial worker were all below 
theFlorida level of concern. central tendency groundwater cancer risks 
for lifetime residential'receptor were above the USEPA targe't risk 
range (1x10m4 to 1~10~~) and Florida level of concern (1~10~~). Central 
tendency and RME residential risks provide the risk managers and 
decision makers with a perspective of the true hypothetical risk: range 
to future residents. 
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Table 6-20 
Summary of Remedial Goal Options for 

Surface Soil at Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Total Excess Lifetime Cancer Risk Total Hazard Index 
Range of Exposure (Based on Risk to Resident (Based on Risk to Child Florida Soil Florida Soil 

Background 
Analyte Detected Point (adult and child) Resident) Cleanup Cleanup 

Screening 
Concentrations Concentration . Target Level Target Level Concentration* 

W IO-5 lo-6 3 1 0.1 (Residential) ’ (Leaching)’ 

Pesticides and PCBs @g/kg1 

Dieldrin 0.15 to 17 17 NR NR NR NA NA NA 0.07 0.005 NA 

alphaChlordane 0.43 to 4,600 4,600 NR NR 1,400 NA NA 3,067 3,000 4,100 NA 

gamma-Chlordane 0.086 to 5,100 5,100 W NR 1,400 NA NA 3,000 3,000 . 4,100 NA 

4,4’-DDD 1.5 to 18,000 3,100 NR NR 2,600 NA NA 3,100 4,500 200 NA 

Herbicides @g/kg) 

MCPA 67,000 17,000 NA NA NA NR NR 9,000 31,000 20 NA 

MCPP 13,000 to 77,000 54,000 NA NA NA NR NR 10,400 NSC NSC NA 

Inorganic Analvtes (mglkgl 

Arsenic 2.9 to 20.2 2.8 NR NR 0.43 NR NR 2.3 0.8 29 1.0 

Beryllium 0.24 to 0.66 0.25 NR NR 0.034 NA NA NA 0.03 63 0.09 

’ Values are from the Florida Department of Environmental Protection (FDEP) Soil Cleanup Target Goals (FDEP, 1998). 
* The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the 
Naval Training Center Orlando Background Sampling Report (ABB Environmental Service, Inc., 1995). 

Notes: &kg = micrograms per kilograms. 
NR = not reported because the calculated RGO exceeds the EPC. 
NA = not applicable. 
DDD = dichlorodiphenyldichloroethane. 
MCPA = 2-methyWchlorophenoxyacetic acid. 
MCPP = 2-methyWchlorophenoxypropionic acid. 
NSC = no screening concentration available. 
mg/kg = milligrams per kilograms. 



Table 0-21 
Summary of Remedial Goal Options for 

Groundwater at Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center Orlando 
Orlando, Florida 

Total Excess Lifetime Cancer Risk Total Hazard Index 
Range of (Based on Risk to Resident (Based on Risk to Florida 

Exposure Point 
Background 

Analyte Detected (adult and child) Child Resident) Groundwater Federal 
Concentration 

Screening 
Concentrations 

Cleanup MCL’ Concentration3 
lo’* 1u5 10” 3 1 0.1 Target Level’ 

Semivolatile Organic Compounds @g/l) 

2,4-Dichlorophenol 2to200 37 NA NA NA NR NR 44.7 4 NSC NA 

Pesticides and PC& (clsll) 

2,4-D 0.75 to 1.55 19 NA NA NA NR , NR 16 70 70 NA 

alpha-BHC 0.0042 to 1 0.18 NR NR 0.01 NA NA NA 0.006 NSC NA 

gamma-BHC 0.0076 to 0.69 0.13 NR NR 0.052 NA NA NA 0.2 0.02 NA 

Aldrin 0.051 0.03 NR 0.03 0.003 NA NA NA 0.005 NSC NA 

Dieldrin 0.012 0.01 NR NR 0.004 NA NA NA 0.005 NSC NA 

Heptachlor epoxide 0.044 to 0.1 0.04 NR NR 0.007 NR NR 0.02 0.2 0.2 NA 

Herbicides @g/f) 

MCPA 550 to 3,100 1282 NA NA NA 23 7.8 0.78 7 NSC NA 

MCPP 0.36 to 1,900 1181 NA NA NA 48 16 1.6 NSC NSC NA 

Inorganic Analvtes fpg/l 1 

Arsenic 2.2 to 264 94 4.5 0.45 0.045 14 4.7 0.47 50 50 5 

Iron 53.6 to 5,090 752 NA NA NA NR NR 480 300 300 1,227 

1 Florida Department of Environmental Protection Groundwater Cleanup Target Levels (FDEP, 1998). 
’ Values are from USEPA Drinking Water Regulations and Health Advisories, February 1996. 
’ The background screening concentration is twice the mean of detected concentrations for inorganic analytes. The background concentrations were obtained from the NTC 
Orlando Background Sampling Report (ABBES, 1995). 

Notes: MCL = maximum contaminant level. PCB = polychlorinated biphenyl. 
m/f = micrograms per liter. BHC = benzene hexachloride. 
NA = not applicable. MCPA = 2-methylphenoxy)acetic acid. 
NR = not reported because the calculated RGO exceeds the EPC. MCPP = 2.methyl4chlorophenoxy)propionate. 
NSC = no screening concentration available. 



7.0 ECOLOGICAL RISK ASSESSMENT 

This ERA evaluates actual and potential adverse effects to ecological receptors 
associated with exposure to contamination from OU 3 at NTC, Orlando. The ERA for 
OU 3 was completed in accordance with current guidance materials for 1ERA.s at 
Superfund sites including the following: 

. Risk Assessment Guidance for Superfund: Environmental Evaluation 
Manual; Volume 2 (USEPA, 1989d) 

. Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory 
Reference (USEPA, 1989c) 

. Framework for Ecological Risk Assessment (USEPA, 1992e) 

. Ecological Risk Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk Assessments; Interim Final 
(USEPA, 1997b) 

. "Supplemental Guidance to RAGS: Region IV Bulletins on Ecological Risk 
Assessment" (USEPA, 1995a) and 

. Guidelines for Ecological Risk Assessment (USEPA, 1998c) 

Risk assessment guidance included in the USEPA "EC0 Update" bulletins (1991c, 
1992f, and 1992g) and recent relevant publications (e.g., Maughan, 1993; Suter, 
1993) were also consulted. 

In an effort to streamline the ERA process for Orlando OU 3, both elements of the 
screening-level andbaseline ecological methodologies were incorporated into the 
ERA. The purpose of combining both elements of the screening-level and baseline 
ERA methodologies into one evaluation is to expedite the decision-making process 
and completion of remedial action,'if necessary. 

OU 3 consists of SA 8 (the Greenskeeper's Storage Area) and SA 9 (the Former 
Pesticide Handling and Storage Area). Historical practices associated with SAs 
8 and 9 have resulted in the release of various chemicals into site media. 
Discussions of the general SAs histories and their layout is provided in Chapter 
1.0, followed by discussions of the nature and extent of contamination (Chapter 
4.0) and contaminant fate and transport mechanisms (Chapter 5.0). The ERAS for 
SAs 8 and 9 are presented in Sections 7.1 and 7.2, respectively. 

7.1 STUDY AREA 8. The SA 8 ERA includes a screening-level problem formulation 
(Subsection 7.1.1), a baseline problem formulation (Subsection 7.1.2), Exposure 
Assessment (Subsection 7.1.3), Ecological Effects Assessment (Subsection 7.1.4), 
Risk Characterization (Subsection 7.1.5), Uncertainty Analysis (Subsection 
7.1.6), and Summary of Ecological Assessment for SA 8 (Subsection 7.1.7). 

7.1.1 Screeninp-Level Problem Formulation The screening-level problem 
formulation is the initial step of the ERA process, whereby ecological receptors, 
exposure pathways, and assessment and measurement endpoints are selected for 
evaluationbased on the site characterization. In addition, ecological chbemicals 
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of potential concern (ECPCs) are identified. The screening-level problem 
formulation includes a description of the environmental setting (Paragraph ,,~---=+2~ 
7.1.1.1), selection of ECPCs (Paragraph 7.1.1.2), contaminant fate and transport 
mechanisms (Paragraph 7.1.1.3), mechanisms of ecotoxicity associated with ECPCs 
(Paragraph 7.1.1.4), likely categories of receptors that could be affected 
(Paragraph 7.1.1.5), identificationofexposure pathways (Paragraph 7.1.1.6), and 
selection of endpoints to screen for ecological risk (Paragraph 7.1.1.7). 

7.1.1.1 Environmental Setting SA 8, the Greenskeeper's Storage Area, is located 
on the Main Base at the north end of Trident Lane, southeast of Lake Baldwin and 
west of the golf course. As previously described in Subsection 2.6.4, HLA 
ecologists visited SA 8 in October 1997 to characterize the habitats that exist 
at the site and determine appropriate ecological receptors to support the EEA. 
HLA ecologists walked along transects through the site identifying characteristic 
flora and fauna for each habitat. 

The environmental setting characterization is divided into four subparagraphs, 
which include a discussion of the vegetative cover, wildlife habitat, and aquatic 
habitat, and a summary of rare, endangered, or commercially exploited species 
that may be potentially found at SA 8. A discussion of the ecological setting 
at SA 8 is also provided in Section 3.8. 

Vegetative Cover. Vegetative communities identified at SA 8 include disturbed 
uplands and forested wetland areas. A vegetative cover map of SA 8 is provided 
on Figure 3-10. The fenced area of SA 8, which is approximately 0.3 acres in 
size, primarily consists of storage buildings/sheds, asphalt, and maintained 
grass. A thin border of Brazilian pepper trees (Schinus terebinthifolius) and 
cabbage palm (Sabal palmetto), which is located along the eastern edge of the SA, 

/? 

separates the Greenskeeper's Storage Area from the golf course. The vegetative 
community at SA 8 provides limited habitat for terrestrial receptors due to the 
presence of storage structures, asphalt, and the surrounding chain-linked fence. 
However, the forested area along the shoreline of Lake Baldwin contains 
vegetative communities that are likely to support an abundance of wildlife. 

Disturbed upland vegetative communities are located east of the covered concrete 
slab and south of the second fenced area. Dominant flora observed in these areas 
include the Brazilian pepper tree, elderberry (Sambucus simpsonii), and ludwigia 
(Ludwigia Peptocarpa). 

The dominant vegetative community adjacent to SA 8 is the forested wetland area 
located west of SA 8 and east of Lake Baldwin. The forested area is approxi- 
mately 0.3 acres in size. This wetland area, which was delineated by a 
representative from the FDEP on October 6, 1997, is best characterized as a 
palustrine broad-leaved evergreen wetland forest. The forested wetland is 
further characterized as broad-leaved evergreen based on dominant plant species 
including red bay (Persea borbonia), swamp red bay (Persea palustris), and 
bayberry (Myrica cerifera). Other dominant species include elderberry and pond 
pine (Pinus serotina) in the canopy and ludwigia and wild toro (Colocasia 
escoleuta), and several species of ferns (Osmunda sp.) in the understory. No 
emergent or aquatic bed vegetative communities were observed in Lake Baldwin 
adjacent to the forested wetland area. 

Wildlife Habitat Characterization. Potential terrestrial receptors at SA 8 and f--N 
the adjacent disturbed upland community and wetland forest include terrestrial 
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f-5 

l.* +.‘?$‘. :.&J&$:. .i’ ab’! ‘y” and semiaquatic mammalian and airi-~~~~~~P~~~~“!~i~~~ts, and invertebrates. 
Typical 

wildlife at SA 8 may include lower trophic level organisms (e.g., insects, 
skinks, frogs, squirrels, and woodpeckers) and higher trophic level predators 
such as the barred owl (Strixvaria), hawks (Butio sp.), raccoon (Procyon lotor), 
and red fox (Vulpes fulva). A black racer snake (Coluber constrictor) and 
numerous skinks (Eumeces sp.) were observed in the disturbed upland vegetative 
communities adjacent to SA 8 during the ecological survey. In addition, an 
osprey (Pandion haliaetus) nest is located adjacent to Lake Baldwin, approximate- 
ly halfway between SA 8 and SA 9. Other wildlife that may exist at SA 8 include 
the eastern cottontail rabbit (Sylvilagus floridanus), hispid cotton rat 
(Sigmodonhispidis), cottonmouse (Peromyscus gossypinus), mourning dove (Zenaida 
macroura), brown-headed cowbird (Molothrus ater), brown thrasher (Toxostoma 
rufum), bobwhite quail (Colinus virginianus), mockingbird (Mimus polyglottos), 
common grackle (Quiscalus quiscula), killdeer (Charadrius vociferus), northern 
cardinal (Cardinalis cardinalis), blue jay (Cyanocitta cristata), rufous-sided 
towhee (Pipilo erythrophthalmus), common flicker (Colaptes auratus), red-'bellied 
woodpecker (Melanerpes carolinus), and great horned owl (Bubo virginianus). 

Aquatic Habitat. As previously described in Subsection 3.8.2, aquatic 'habitat 
in the vicinity of SA 8 is located in Lake Baldwin, which is approxi-mately 80 
feet east of SA 8. Lake Baldwin is 196 acres in size and is used for recreation 
and training by military personnel, in addition to public recreation. The lake 
is classified by the State of Florida as Class III waters, suitable for fish and 
wildlife propagation. 

Lake Baldwin receives runoff water from administrative areas and the golf course. 
The runoff contains nutrients from fertilization that stimulate growth of water 
and bank weeds, such as Florida elodea (Hydrilla verticillata), an invasive, 
rapidly growing type of submerged aquatic vegetation. In the past, these water 
weeds have restricted fishing, water skiing, boating, swimming, and other 
recreational and training activities associated with the lake. As a result, the 
base has been the site of an intensive study by the State.of Florida using grass 
carp (Ctenophoryngodon idella) to control aquatic vegetation (SOUTHNAVFACENGCOM, 
1985). Lake Baldwin was the primary site of the study and was originally stocked 
with grass carp by the State in 1975. The study has shown that grass carp 
provide an effective means of biocontrol for aquatic vegetation provided the lake 
is kept stocked with these fish (Shireman et al., 1984). 

Lake Baldwin provides habitat for a number of freshwater fish species including 
smallmouth bass, bluegill sunfish, redear sunfish, golden shiner, yellow 
bullheads, and killifish, as well as aquatic invertebrates (C.C. Johnson, 1985). 
Amphibians that may live in the vicinity of Lake Baldwin include frogs and toads, 
and possibly some salamanders. Althoughnone were observed during the ecological 
survey, the Florida cottonmouth (A. pisciverous conanti), a venomous aquatic 
snake inhabiting lakes, rivers, swamps, and ditches, could also exist in small 
intermittent drainage swales that exist near OU 3. Turtles and other aquaitic and 
semiaquatic reptiles may also exist in Lake Baldwin. 

Rare, EndanFered, and Threatened Species. Although gopher tortoise burrows have 
been observed at the golf course on the Main Base, none have been observed at SA 
8. It is possible, however, that the forested wetland area adjacent to SA 8 may 
provide suitable habitat for a variety of federally or State-listed species. A 
discussion of rare, threatened, endangered, or commercially exploited species 
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that may occur at NTC, Orlando is presented in Subsection 3.8.3 and summarized 
in Table 3-3. ,/-% 

7.1.1.2 Selection of ECPCs The identification of ECPCs includes a review of 
analytical data and selection of ECPCs. ECPCs represent analytes detected in 
environmental media (i.e., surface soil and groundwater) that are considered in 
the ERA and could present a potential risk for ecological receptors. The process 
for selecting ECPCs is depicted on Figure 7-l. Analytical data for SA 8 were 
evaluated for use in risk assessment pursuant to national guidance, Guidance for 
Data Vseability in Risk Assessment (Parts A and B) (USEPA, 1992a). 

Following the data validation step (as previously described in Paragraph 
6.1.1.3), analytes in surface soil and groundwater were eliminated as potential 
ECPCs if the analyte was detected in 5 percent or fewer of the samples analyzed 
and was not present in any other media. Calcium, magnesium, potassium, and 
sodium were excluded as ECPCs for groundwater. In addition to these analytes, 
iron was also excluded as an ECPC for surface soil. These analytes are 
considered to be essential nutrients and not toxic. Evidence suggests that there 
is little potential for toxic effects resulting from overexposure to these 
essential nutrients. The highly controlled physiological regulatory mechanisms 
of these inorganic analytes suggest that there is little, if any, potential for 
bioaccumulation, and available toxicity data demonstrate that high dietary intake 
of these nutrients are well tolerated (National Academy of Sciences, 1980; 
National Research Council, 1982 and 1984). 

Inorganic chemicals representative of background conditions were not selected as 
ECPCs. In accordance with USEPA Region IV guidance (USEPA, 1991b), an inorganic 
analyte was not selected as an ECPC if the maximum detected concentration was 

iT?t 

less than two times the average detected inorganic concentration in background 
samples. The maximum detected concentrations were compared against repre- 
sentative site-specific background surface soil and groundwater screening 
concentrations to eliminate chemicals that are unlikely to be site related. 

A site-specific background investigation of surface soil and groundwater was 
conducted at NTC, Orlando, and the findings are presented in Sections 5.1 and 
5.3, respectively, of the NTC Orlando Background Sampling Report (ABB-ES, 1995a). 
The site-specific background study used to establish background screening values 
for OU 3 surface soil consists of 10 surface soil samples (ORSOOlOl through 
ORS00501 and ORSOllOl through ORS01501) and 1 duplicate sample (ORS01201D) 
collected from surface soil at the Main'Base, which is considered to be 
geologically similar to the soil from OU 3. The site-specific background study 
used to establish background screening values for groundwater consists of 10 
groundwater samples (ORGOOlOl through ORGOlOOl) and 2 duplicate samples 
(ORG00201D and ORGOO7OlD) collected from monitoring wells upgradient of any 
potential site-related contamination. 

Analytes that exceed the background screening concentration and are not essential 
nutrients were also screened against ecological screening values for surface soil 
and groundwater. The surface soil ecological screening values are the Dutch Soil 
Criteria "A," which refer to background concentrations in surface soil issued by 
the USFWS (Beyer, 1990). A representative from USEPA Region IV has indicated 
that these values are appropriate to screen surface soil ECPCs (Simon, 1997). 
The groundwater ecological screening values are the Freshwater Surface Water f---Y 

Chronic Screening Values for Hazardous Waste Sites issued by USEPA Region IV 
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(USEPA, 1995a). If the maximum detected concentration of an analyte exceeds the 
surface soil ecological screening value, the analyte was retained as an ECPC for 
terrestrial wildlife, terrestrial plants, and soil invertebrates. If the maximum 
detected concentration of ananalyte exceeds the groundwater ecological screening 
value, the analyte was retained as an ECPC for aquatic receptors. 

All analytes detected in surface soil and groundwater are summarized in tables 
that include the following: frequency of detection, range of detection limits, 
range of detected concentrations, average of detected concentrations, background 
screening values, and ecological screening values. For those analytes that are 
retained as ECPCs for the ERA, the following information is also. provided: 
average of all concentrations, 95th percentile UCL of the arithmetic mean, and 
RME and central tendency EPCs. A discussion of how EPCs are determined is 
provided in Paragraph 7.1.3.1. 

K--%~ 

Surface Soil. Fifty-five surface.soil samples (08SOO900 through 08805200 and 
08305401 through 08SO6301 with duplicates at 08S00900D, 08S02800D, 08S03800D, 
08S05100D and 08S06301D) were collected at SA 8 (Figure 2-l). Samples 08SOO900 
through 08SO5200 were collected in November 1997, and samples 08805401 through 
08S06301were collected in February 1998. Surface soil samples were analyzed for 
svocs, pesticides and PCBs, inorganic constituents, and herbicides. An 
additional five surface soil samples (08801502, 08SO2802, 08804802, 08805002, and 
08805702) were analyzed for arsenic speciation as described in Section 4.4. The 
results of the arsenic speciation suggest that arsenic in surface soil at SA 8 
exists primarily in the trivalent rather than the. pentavalent form; therefore, 
it is assumed that the detected concentrations of total arsenic listed in Table 
7-l are primarily in the form of the trivalent species. --. 

As shown in Table 7-1, ECPCs selected for the surface soil samples collected at 
SA 8 include 14 SVOCs, 7 pesticides, 1 PCB, 14 inorganic constituents, and 9 
herbicides. 

Groundwater. Unfiltered groundwater data were used to screen potential ecologi- 
cal risks. Groundwater was collected from 18.monitoring wells (OLD-08-01 through 
OLD-08-18 with a duplicate at OLD-08-18) at SA 8. With the exception of three 
samples (08G01601, 08G01701, and 08G01801), groundwater was analyzed for SVOCs, 
pesticides and PCBs, inorganics, andherbicides. Only inorganic constituents were 
analyzed in samples 08G01601, 08G01701, and 08G01801. An additional seven 
groundwater samples were analyzed for arsenic speciation as described in Section 
4.4. The results of the arsenic speciation suggest that arsenic in groundwater 
at SA 8 exists primarily in the trivalent rather than the pentavalent form; 
therefore, it is assumed that the detected concentrations of total unfiltered 
arsenic listed in Table 7-2 are primarily in the form of the trivalent spec'ies. 

As shown in Table 7-3, ECPCs selected for the unfiltered groundwater samples 
collected at SA 8 include five pesticides, seven inorganic constituents, and 
seven herbicides. 

7.1.1.3 Contaminant Fate and Transport Mechanisms Contaminants, in the form of 
pesticide and herbicide formulations, were introduced to the environment at SA 
8 primarily through direct input to soil (e.g., spills, cleaning of equipment). 

--m 
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Table 7-1 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Exposure 
Frequency Reporting Detected Average Background Ecological of 

Chemical 
Average Point 

Analyte of Limit Concentration of Detected Screening Screening 
95% 

of Ail Concentration 
Detection’ Range Range2 Concentrations3 Concentration4 Value’ Ecological UCL’ 

Concern’ Samples’ 

Semivolatile Organic Compounds @g/kg) 

Acenaphthyiene 3155 340 to 1,500 63 to 140 90 ND NA Yes 257 234 140 140 

Anthracene l/55 340 to 1,500 540 to 540 540 ND 100 No” 

Benzo(a)anthracene 17155 340 to 1,500 31 to 1,300 205 ND NA Yes 290 235 290 235 

Benzo(a)pyrene ’ 14155 340 to 1,500 36 to 1,100 211 ND 100 Yes 293 241 293 241 

Benzo(b)fluoranthene 21155 340 to 1,500 43 to 3,700 353 ND NA Yes 314 286 314 286 

Benzo(g,h,i)perylene 10/55 340 to 1,500 40 to 280* 128 101 NA Yes 260 225 260 225 

Etento(k)fluoranthene 1 a/55 340 to 1,500 17 to 3,700 366 ND NA Yes 305 263 305 263 

Butyibenrylphthalate l/55 340 to 1,600 425* to 425* 425 ND NA No” 

Carbazole l/55 340 to 1,500 260 to 260 260 ND NA No” 

Chrysene i 8155 340 to 1,500 41 to 1,900 250 ND NA Yes 299 250 299 250 

Di-n-butylphthalate 4155 340 to 1,500 47 to 210 91.8 443 NA Yes 262 233 210 210 

Dibenz(a,h)anthracene 5155 340 to 1,500 50 to 280 121 ND NA Yes 257 232 257 232 

fluoranthene 21155 340 to 1,500 25 to 2,600 298 ND 100 Yes 314 266 314 266 

Indeno(l,2,Xd)pyrene IO/55 340 to 1,500 36 to 460 162 ND NA Yes 260 232 260 232 

Phenanthrene 5155 340 to 1,500 40 to 130 71.9 ND 100 Yes 262 229 130 130 

Pyrene 20155 340 to 1,500 42 to 2,600 304 ND 100 Yes 317 270 317 270 

bis(2-Ethyihexyi)phthalate 23155 340 to 1,500 35 to 1,700 204 ND NA Yes 270 224 270 224 

PestkAes and PCBs @g/kg) 

4,4’-DDD 21155 3.4 to 97 0.88 to 780 55 ND 100 Yes 14.6 22.9 14.6 14.6 
* A, F.r.r 
4,Y -UU~ .-.- I.-.- .x/30 3.4 i0 97 0.34 to i,600 ^^ - 6v.f ii .-- 

1w Yes .-. 101 6i.3 101 61.3 

4,4’-DDT 46155 3.3 to 97 0.33* to 2,200 96.5 26.9 100 Yes 70.1 81 70.1 70.1 

Aldrin 7155 1.7 to 45 0.27 to 49 7.5 ND 100 No” 

Aroclor-1260 3155 34 to 390 66 to 420 269 ND 50 Yes 54.6 49.7 54.6 49.7 

Bee notes at end of table. 



Table 7-l (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Analyte 
Frequency Reporting 

of Limit 
Detection’ Range 

Chemical 
Exposure 

Detected Average Background Average Point 
Concentration of Detected Screening 

Ecological of 
Screening 95% 

of All Concentration 
Range’ Concentrations3 Concentration4 Value5 

Ecological UCL’ 
Concern’ Samples’ 

RME’ CTIC 

Pesticides and PCBs @g/kg1 (Continued) 

Dieldrin 25155 3.5 to 50 

Endosulfan I 5155 1.8 to 20 

Endosulfan II a/55 3.3 to 50 

Endosulfan sulfate 11155 3.4 to 87 

Endrin 1 o/55 3.4 to 97 

Endrin aldehyde 25155 3.5 to 50 

Endrin ketone 6155 3.3 to 39 

Heptachlor 2155 1.7 to 45 

Heptachlor epoxide 19155 1.8 to 45 

Methoxychlor 3155 17 to 200 
alpha-BHC 2155 1.7 to 20 

alpha-Chlordane 46155 1.8 to 50 
seta-BHC 2155 1.7 to 45 

delta-BHC 12155 1.7 to 45 

gamma-BHC (lindane) 4155 1.7 to 20 

3ammaChlordane 40155 1.8 to 45 

Herbicides @g/kg)” 

2,4 5-TP (silvex) 9/54 2.1 to 13 

2,4,5-T 9154 1.45 to 16 

2,4-D 28154 1.8 to 33 

2,4-DB 24154 5.5 to 160 

Dalapon 2154 3.6 to 160 

Dichloroprop 12154 3.2 to 56 

0.29 to 91 9.3 95 100 No~2.13 

0.41 to 1.2 0.68 ND 109 No” 

0.24 to 5.9 2.1 ND 100 No” 

0.82* to 25 4.7 ND 100 No” 

0.28 to 130 15.6 ND 100 Yes 4.9 5.4 4.9 4.9 

0.27 to 7.1 1.2 ND 100 No” 

0.435* to 3.7 2 ‘ND 100 No” 

0.23 to 680 340 ‘ND 100 No” 

0.13* to 130 9.7 ND 100 dyes 3.7 4.4 3.7 3.7 

1.4 t0 87 32 ND 100 No12 
0.28 to 1.3 0.79 ND 100 No 11.12 

0.12 to 3,700 103 7.5 100 Yes 90.9 86.1 90.9 86.1 
0.79 to 12 6.4 ND 100 No”,‘2 

0.1 to 77 7.6 ND 100 No” 

0.22 to 18 5.4 ND 100 No” 

0.11 to 2,900 95.3 5.2 100 Yes 70.8 69.8 70.8 69.8 

0.25 to 16 4 ND NA Yes 2.1 1.9 2.1 1.9 

1.675* to 20 5.3 ND NA Yes 2.5 2.4 2.5 2.4 

1.2 to 53 14 ND NA Yes 11.7 9.1 11.7 9.1 

1.9 to 310 59.4 ND NA Yes 47.9 36.9 47.9 36.9 

8.4 to 50 29.2 ND NA Yes 20.3 18.2 20.3 18.2 

4 to 140 45.6 ND NA Yes 17.1 14.9 17.1 14.9 

See notes at end of table. 
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Table 7-l (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Fforida 

Analyte 
Frequency Reporting 

of Limit 
Detection’ Range 

Detected 
Concentration 

Range’ 

Exposure 
Average Background 

Chemical 
Ecological of 

95% 
Average Point 

of Detected Screening Screening of All Concentratior 
Concentrations3 Concentration’ Value’ 

Ecological UCL’ 
Concern” Samples’ 

isrbiiides @g/kg)‘* (Continued) 

Xnoseb 7154 5.2 to 33 3.2 to 240 44.5 ND NA Yes 6.6 8.9 6.6 6.6 

vfCPA 6154 220 to 32,000 6,000 to 32,000 17,567 ND NA Yes 14,045 4,277 14,045 4,277 

JlCPP 13154 115 to 44,000 3,700 to 99,000 22,714 ND NA Yes 33,523 8,243 33,523 8,243 

notganic Analvtas (mglkg) ’ 

Uuminum 54155 0.031 to 879 33.1 to 9,130 1,383 2,088 NA Yes 2,515 1,366 2,515 1,366 

Wimony 1 o/55 0.0059 to 14.35 0.79 to 16.3 4.7 NA NA Yes 1.2 1.2 1.2 1.2 

vsenic 43155 0.0057 to 51.8 1.4 to 90 15.5 1 20 Yes 25.3 12.2 25.3 12.2 

barium 54155 0.0002 to 8.6 1.2 to 135 18.6 8.7 200 No” 

leryflium 4155 0.0007 to 0.47 0.14 to 2 0.77 0.09 NA Yes 0.12 0.11 0.12 0.11 

>admium 29155 0.0006 to 1.9 0.07 to 7.1 1.9 0.98 1 Yes 3 1 3 1 

:alcium 29155 0.15 to 19,000 7,230 to 334,000 55,475 25,295 NA No” 

ihromium 53155 0.0016 to 7 0.95 to 208 20.9 4.6 100 Yes 30 20.2 30 20.2 

:obalt 16155 0.14 to 4.5 0.17 to 2.6 0.59 NA 20 No” 

bpper 46155 0.0013 to 5.6 1.5 to 77.5 16.8 4.1 50 Yes 24.3 14.3 24.3 14.3 

‘on 52155 0.029 to 276 75.1 to 5,590* 1,049 712 NA No” 

ead 63155 0.0029 to 23.6 2.7 to 902 100 14.5 50 Yes 179 97 179 97 

langanese 36155 0.21 to 20.1 8.44 to 14 56.7 8.1 NA Yes 94.6 38.4 94.6 38.4 

lercury 31155 0.05 to 0.4 0.05 to 1.7 0.35 0.07 0.5 Yes 0.3 0.22 0.3 0.22 

lickel 41155 0.0022 to 11.4 0.41 to 9.3 2.7 4.4 50 No12 

‘S!S?ldEl 7 ICC #,M’Y O73L. clot? ,.Yl...“E . I” M.” I A7 ,” v.i) 2.5 0.95 .,a \,-- ^ ^- ^-- - -- --- I”/+ res U&3 U./Y 0.85 U.7Y 

,ilver 44155 0.0013 to 5.2 0.18 to 122 11 1.8 NA Yes 20.3 8.8 20.3 8.8 

lanadium 53155 0.0011 to 6.1 0.15 to 18.6 3.3 3.1 NA Yes 5.6 3.2 5.6 3.2 

!fnc 18155 0.0042 to 97.3 45.4 to 1,040 338 17.2 200 Yes 369 122 369 122 
.__ __A__ -1 -.--I -1 I-L,_ 
,ea r,vras a1 en0 01 Elo,e. 



Table 7-1 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Frequency of detection is the number of samples in which the analyte was detected divided by the total number of samples analyzed (excluding rejected values). 
For duplicate samples having one nondetect, one-half the reporting limit is used as a surrogate concentration for the nondetect. 

’ The average of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. It does not include those samples with “R,” “U,” or “UJ” 
ralidation qualifiers. 

The background screening value is twice the average of detected concentrations for inorganic analytes in background samples. Background screening values for organic 
uralyte values are one times the average of detected concentrations. Organic values are included for comparison purposes only (i.e., not used to select ecological chemicals 
>f potential concern). 

The ecological screening values are the Dutch Soil Criteria as reported in the US. Fish and Wtldlife Service, Biological Report No. 90(2), “Evaluating Soil Contamination,” 
;Beyer, 1990). 

These chemicals are retained for further evaluation in the ecological risk assessment, 
The 95 percent UCL is calculated on the log-transformed average of all samples using the formula provided in the U.S. Environmental Protection Agency “Supplemental 

?&dance to RAGS: Calculating the Concentration Term” (U.S. Environmental Protection Agency, 1992d). 
’ The average of all samples assigns a value of one-half of the detection limit as a surrogate concentration for nondetect values. 
’ The RME exposure point concentration (EPC) is equal to the lesser of the maximum detected concentration or the 95 percent UCL. 
o The CT EPC is equal to the lesser of the average of all samples or the RME concentration. 
‘,The analyte was detected in less than 5 percent of the samples and was not detected in any other media. 
2 The maximum detected concentration is less than the ecological screening value. 
a The maximum detected concentration is less than the background screening concentration. 
“, Herbicides were not analyzed in sample 08SO5801. 
’ The analyte is an essential nutrient and not considered toxic. 

rlotes: The average of a sample and its duplicate is used for all table calculations. 

Samples: 08SOO9W through 08SO52W and 08SO5401 through 08SO6301. 
Duplicate samples: 08SW9OOD, 08SO28WD, 08SO38WD, 08S051WD, and 088063OlD. 
Background samples: ORSOOlOl through ORSW501 and ORSOllOl through ORS01501. 
Background duplicate sample: ORS01201 D. 

96 = percent. 
UCL = upper confidence level on the arithmetic mean (footnote 7). 
RME = reasonable maximum exposure, 
CT = central tendency. 
m/kg = micrograms per kilogram. 
ND = not detected in any background sample. 
NA = not available. 
* = value is the average of a sample and its duplicate. 
PCB = polychlorinated biphenyf. 
DDD = dichlorodiphenyldichloroethane. 
DDE = dichlorodiphenyldichloroethene. 

DDT = dichlorodiphenyltrichloroethane. 
BHC = hexachlorobenzene. 
2,4,5-TP = 4,5-(trichlorophenoxy)propionic acid. 
2,4,5-T = 2,4,5-trichlorophenoxy-acetic acid. 
2,4-D = 2,4dichlorophenoxyacetic acid. 
2,4-DB = 2,4dichlorophenoxybutyric acid. 
dichloroprop = 2-(2,4dichlorophenoxy)propionic acid. 
MCPA = (4-chloro.2-methylphenoxy)acetic acid. 
MCPP = potassium (2-methyl-4-chlorophenoxy)propionate. 
mg/kg = milligrams per kilogram. 



Table 7-2 
Selection of Ecological Chemicals of Potential Concern 

for Groundwater Associated with Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Frequency Detected Average Background Ecological 
Chemical 

Average 
Exposure Point 

Analyte of Reporting 
Limit Range 

Concentration of Detected 
Detection’ 

Screening 
Range’ 

Screening of 95% Concentration 

Concentrations3 Concentration4 Value’ Ecological UCL’ of All 

Concern’ 
Samples’ RME’ CT” 

iemivolatile Organic Compounds @g/t)” 

iaphthalene l/15 0.01 to 11 25 to 25 25 ND 62 No” 

ksticides and PCBs (pg/lJ”-‘3 

.,4’-DDT l/14 0.095 to 0.1 0.0056 to 0.0056 0.01 ND 0.001 Yes 0.07 0.04 0.006 0.006 

Iieldrin l/14 0.095 !O 0.1 0.019 to 0.019 0.02 ND O.Wl9. Yes 0.05 0.05 0.02 0.02 

indosulfan sulfate l/14 0.095 to 0.1 0.012 to 0.012 0.01 ND 0.056 No” 

:ndrin l/14 0.095 to 0.1 0.01 to 0.01 0.01 ND 0.0023 Yes 0.06 0.05 0.01 0.01 

indrin aldehyde l/14 0.095 to 0.1 0.0066 to 0.0066 0.01 ND NA Yes 0.07 0.04 0.007 0.007 

lelta-BHC 2115 0.048 to 0.05 0.0051 to 0.0077 0.01 ND NA Yes 0.03 0.02 0.008 0.008 

lerbffides @g/l)” 

94-D 10115 1.5 to 2 0.0051 to 0.22 0.1 ND NA Yes 2 0.33 0.22 0.22 

,4-DB 10115 1.5 to 5 0.046 to 1.95* 0.42 ND NA Yes 5.2 1 1.95 1.95 

‘alapon l/15 6 to 6 1.4 to 1.4 1.4 ND NA Yes 3.2 2.9 1.4 1.4 

Iichloroprop 3115 2 to 2 0.14 to 0.675* 0.41 ND NA Yes 1.3 0.88 0.70 0.70 

‘inoseb 2115 0.75 to 1.5 0.28 to 0.424* 0.35 ND NA Yes 0.81 0.7 0.42 0.42 

ICPA 3115 60 to 500 640 to 1,200 833 ND NA Yes 539 232 539 232 

ICPP 5115 55 to 400 2wto900 587 ND NA Yes 804 268 804 268 

iorganic Analvtes (rvs/L) 

luminum 9118 16.7 to 155 87.3 to 1,870 860 4,067 87 No14 
ntimony 2118 2 to 4 2.9 to 3.7 3.3 4.1 160 ~~12.14 

rsenic 15116 2.2 to 5.9 3.9 to 295 108 5.0 ‘%O Yes 1,033 89.9 295 89.9 

arium 15118 0.1 to 4.9 8 42.to 1 22.2 31.4 NA Yes 49.9 18.8 42.1 18.8 

alcium 14118 7.4 to 63,200 7,230 to 132,5W* 51,306 36,830 NA No” 
hromium 8118 0.8 to 4 0.83 to 3.4 1.8 7.8 “11 ~~‘“‘4 

*A rr&.r ra *...A -1 l ..b.,r 



Table 7-2 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Groundwater Associated with Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Analyte 
Frequency 

Reporting 
Detected Average Background Ecological 

Chemical 

of Concentration of Detected Screening Screening 
of 

Detection’ 
Limit Range 

Range* Concentrations3 Concentration’ Value’ 
Ecological 
Concern’ 

norgan*c Analytes @g/f I (Continued) 

Cobalt 4/18 0.5 to 0.8 1.2 to 2.3 1.8 NA NA Yes 0.94 0.68 0.94 0.68 

:opper 13118 0.6 to 3.6 0.9 to 9.5 3.7 6.4 6.64 Yes 5.5 3 5.5 3 

ron 12118 13.4 to 141 198 to 5,800 1,109 1,227 l,ooO Yes $752 753 3,752 753 

sad . 4118 1.6 to 3.6 2.3 to 6.6 3.8 . 4.0 1.32 Yes 2.2 1.7 2.2. 1.7 

vfanganese 16118 0.1 to 23.4 5.3 to 172 60 17 NA Yes 156 54.3 156 54.3 

rlickel 10118 1.1 to 1.3 1.4 to 11.4 4.8 NA 87.71 No” 

‘otassium 11118 30 to 4,570 4,980 to 16,000 10,549 5,400 NA No” 

sodium l/l8 308 to 22,400 28,QO0 to 28,900 28,QO0 18,222 NA No” 

lanadium 12118 0.6 to 0.7 0.86 to 4.4 2.6 20.6 NA No14 

Frequency of detection is the number of samples in which the analyte was detected divided by the total number of samples analyzed (excluding rejected values). 
! For duplicate samples having one nondetect, one-half the reporting limit is used as a surrogate concentration for the nondetect. 
I The average of detected concentrations is the arithmetic mean of all samples in which the analyte was detected, It does not include those samples with “R,” ‘I),” or “UJ” 
ralidation qualifiers. 

The background screening value is twice the average of detected concentrations for inorganic analytes in background samples. Background screening values for 
organic analyte values are one times the average of detected concentrations. Organic values are included for comparison purposes only (i.e., not used to select ecologica 
:hemicals of potential concern). 

The ecological screening values are the Region IV Waste Management Division Freshwater Surface Water Chronic Screening Values for Hazardous Waste Sites reported 
n the Supplemental Guidance to RAGS: Region IV Bulletins (U.S. Environmental Protection Agency [USEPAJ, 1995a). 
’ These chemicals are retained for further evaluation in the ecological risk assessment. 

The 95% upper confidence limit (UCL) is calculated on the log-transformed average of all samples using the formula provided in the USEPA “Supplemental Guidance to 
WAGS: Calculating the Concentration Term.” (USEPA, 19924). 
’ The average of all samples assigns a value of one-half of the detection limit as a surrogate concentration for non-detect values. 
’ The reasonable maximum exposure (RME) exposure point concentration (EPC) is equal to the lesser of the maximum detected concentration or the 95% UCL. 
’ The CT EPC is equal to the lesser of the average of all samples or the RME concentration. 

:Notes continued on following page.) 
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Table 7-2 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Groundwater Associated with Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

” Semivolatile organic compounds, pesticides and PCBs, and herbicides were not analyzed in samples 08G01601, 08G01701, and 08G01801. 
‘* The maximum detected concentration is less than the ecological screening value. 
3 With the exception of delta-BHC, all pesticide data was rejected in sample 08GO1501. 
I4 The maximum detected concentration is less than the background screening concentration. 
’ The value is based on trivalent arsenic form. 
” The analyte is an essential nutrient and not considered toxic. 
” The value is based on hexavalent chromium form. 

Votes: The average of a sample and its duplicate is used for all table calculations. 

Samples: 08GOO102 through 08600402 and 08GOO501 through 08G01801. 
Duplicate samples: 08GOO801 D. 
Background samples: ORGOOlOl through ORGOlOOl. 
Background duplicate samples: ORGOO201D and ORGOO7OlD. 

% = percent. NA = not available. 
UCL = upper confidence level on the arithmetic mean (footnote 7). BHC = hexachlorobenzene. 
RME = reasonable maximum exposure. 24-D = 2,4dichlorophenoxyacetic acid. 
CT = central tendency. 2,4-DB = 2J-dichlorophenoxybutyric acid. 
~.rg/l = micrograms per liter. * = value is the average of a sample and its duplicate. 
ND = not detected in any background sample. dichloroprop = 2-(2,4dichlorophenoxy)propionic acid. 
PCB = polychlorinated biphenyl. MCPA = Ql-ohloro-2-methyfphenoxy)acetic acid. 
DDT = diohlorodiphenyltrichloroethane. MCPP = potassium (2-methyWohlorophenoxy)propionate. 
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Table 7-3 
Endpoints for Ecological Risk Assessment, Operable Unit 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Medium Study 
Area 

Assessment Endpoint Receptor Measurement Endpoint Decision Point 

Surface Soil 8 and 9 Reduction in the biomass of Terrestrial Chemical concentrations (mg/kg) in surface The reasonable maximum exposure 
terrestrial plants used as forage Plants soil that result in adverse effects on growth, concentration (mg/kg) of an ECPC in 
material for terrestrial wildlife. reproduction, or survival to terrestrial plants. surface soil is greater than the terres- 

trial plant RTV. 
Observations of stressed vegetation. 

Surface Soil 8 and 9 Reduction in the abundance Terrestrial Chemical concentrations (mg/kg) in surface The reasonable maximum exposure 
of earthworms used as forage Invertebrates soil that result in adverse effects on survival concentration (mg/kg) in surface soil is 
material by insectivorous birds. (e.g., LC,, studies) or measured adverse greater than the terrestrial invertebrate 

effects on reproduction and growth to terres- RTV. 
trial invertebrates.. 

Surface Soil 8 and 9 Survival, reproduction, and Wildlife Oral chemical doses (mg/kg BW/day) based Comparison of potential dietary expo- 
.:growth of herbivorous mammals Species on measured adverse effects on growth, sures in mammalian and avian wildlife 
:and omnivorous, insectivorous, reproduction, or survival (e.g., NOAEL, with literaturederived RTVs. HQs > 1 
and carnivorous bird populations. LOAEL, and LD, studies) of mammalian and indicate potential risk. 

avian laboratory test populations. 

Groundwater 8 and 9 Survival and maintenance (i.e., Aquatic Chemical concentrations in groundwater The predicted exposure concentration 
reproduction, growth, population Receptors associated with adverse effects to growth, of groundwater in Lake Baldwin is 
abundance) of freshwater fish, reproduction, or survival of aquatic greater than available criteria and 
macroinvertebrate, amphibian, organisms. aquatic toxicity benchmark values. 

,and aquatic plant populations in 
Lake Baldwin. 

Groundwater 8 and 9 Growth and yield of terrestrial Terrestrial Chemical concentrations in solution that The reasonable maximum exposure 
and wetland plant populations. and Wetland measure adverse effects on growth, repro- concentration kg/!) of an ECPC in 

Plants duction, and survival of plants. groundwater is greater than the plant 
RTV (in solution). 

Observations of stressed vegetation. 

See notes at end of table. 
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Table 7-3 (Continued) 
Endpoints for Ecological Risk Assessment, Operable Unit 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Medium Study 
Area 

Assessment Endpoint Receptor Measurement Endpoint Decision Point 

Groundwater 8 Survival, reproduction, and Aquatic Survival and reproduction of the daphnid Significant differences (p s 0.05) in 
growth of fathead minnows and Receptors (Ceriodaphnia dubia) and survival and growth survival, reproduction, and/or growth of 
daphnids. of the fathead minnow (Pimepha/es daphnids and fish exposed to SA 8 

prome&) in site-specific groundwater toxicity groundwater as compared to the 
tests. upgradient reference sample. 

Notes: mg/kg = milligrams per kilogram. LDs,, = lethal dose to 50 percent of a test population. 
ECPC = ecological chemical of potential concern. HQ = hazard quotient. 
RTV = reference toxicity value. > = less than, 
L& = lethal concentration to 50 percent of a test population. frg/L = micrograms per liter. 
BW/day = body weight per day. p = probability. 
NOAEL = no observed adverse effect level. s = greater than or equal to. 
LOAEL = lowest observed adverse effect level. 



The primary means of contaminant transport at SA 8 was physical movement of soil 
and ECPCs by water, either via overland flow or infiltration. Migration of -f--x 

surface runoff carrying contaminants sorbed to soil or as dissolved constituents 
likely accounts for the distribution of ECPCs in the wetlands area downslope from 
the site. 

Most of the ECPCs at SA 8 have high sorption coefficients, indicating that they 
prefer to remain bound to soil particles. In particular, PAHs, pesticides, and 
inorganic constituents are most likely to sorb to soil particles where they tend 
to remain. The analytical results support the contention that sorption tends to 
be the dominant process for ECPCs at SA 8; 45 ECPCs were identified in surface 
soil, while only 13 of these were considered ECPCs in groundwater (Tables 7-l and 
7-2). Of the 13 detected in both soil and groundwater, 7 were highly soluble 
herbicides. 

Shallow groundwater at SA 8 likely discharges to Lake Baldwin and the surrounding 
wetlands. Contaminants carried in colloidal suspension in groundwater or as 
dissolved constituents could potentially enter surface water. However, because 
the ECPCs at SA 8 are relatively insoluble and tend to sorb to soil particles, 
many of the ECPCs in soil are not present in groundwater. The potential fate and 
transport of ECPCs present in groundwater is dependant on a number of factors 
including pH and Eh of the aquifer, organic content of the aquifer, and potential 
travel time. In general, the pH of the groundwater is slightly acidic, and Eh 
suggests that reducing conditions are present. Such conditions result in many 
contaminants, most notably arsenic (III), remaining as dissolved constituents. 

As described previously in Subsection 5.3.1, groundwater fate and transport ,.-. 
models indicate that contaminants potentially migrating from SA 8 via groundwater 
have not yet reached Lake Baldwin, but have reached the bordering wetlands. This 
is supported by the groundwater analytical results from well points installed 
within the wetlands area. 

The fate of contaminants once they reach the surface water is dependantprimarily 
on the Eh and pH of the water and sediment, as well as the organic carbon content 
of the sediment. As discussed in Section 5.2, biodegradation is a factor in 
removal of many ECPCs identified at SA 8. Current groundwater conditions suggest 
a reducing environment is present, which enhances biodegradation of many ECPCs. 

Based on the fate and persistence characteristics of the ECPCs, and the most 
likely transport pathways, it is expected that off-site migration of contaminants 
is limited. In addition, organic contaminants, such as PAlIs, pesticides, and 
herbicides, are expected to degrade over time, either in place (soil) or as they 
migrate (groundwater), while the inorganic constituents tend to sorb to soil and 
remain near the point of introduction to the-environment. A detailed description 
of the fate and transport of SA 8 ECPCs is provided in Chapter 5.0. 

7.1.1.4 Mechanisms of Ecotoxicity Four classes of contaminants including PAHs, 
pesticides, herbicides, and inorganic constituents were identified as ECPCs at 
SA 8. A brief discussion of the ecotoxicity and potentialbioaccumulation of the 
ECPCs at SA 8 is provided below. Further infovmation on the ecotoxicity and 
bioaccumulation of ECPCs is also provided in Appendix G. 

PAHS PAHs were primarily detected in the surface soil of SA 8 along the western 
.----%a 

-* 
side of the investigation area. Few data are available on the toxicity of PAHs 

NTC-RIFS.OU3 
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to terrestrial species; however, 
",".i;" 1,.._.1 ._ .~ 

the primary effect of PAH exposure in mammalian 
laboratory species is tumor development. Dietary exposure of PAHs such as 
benzo(a)pyrene have also been shown to decrease the fertility and litter size in 
multigenerational tests on mice (MacKenzie and Angevine, 1981). Chronic dietary 
exposure of 4,000 mg PAH/kg (primarily naphthalenes, naphthenes, and ,phenan- 
threne) caused increased liver weights and increased blood flow to the liver in 
mallards; however, no overt signs of toxicity were observed (Eisler, 19,87). 

PANS in soils may be assimilated by plants, degraded by soil microorganisms, or 
accumulated to relatively high levels in the soil. PAHs assimilated by 
vegetation may be translocated, metabolized, and possibly photodegraded within 
the plant. Limited studies on the phytotoxic effects of PAHs indicate that they 
are not toxic to plants. 

Pesticides. Pesticides were detected in both the surface soil and to a lesser 
extent in the groundwater at SA 8. In the surface soil, organochlorine 
pesticides such as 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT were detected with the 
highest concentration and frequency. At sufficiently high doses, these types of 
pesticides can induce death in organisms by disrupting central nervous system 
transmission. 4,4'-DDT is metabolized to the primary metabolies 4,4'-DDE and 
4,4'-DDD. Reproductive effects to carnivorous birds including eggshell thinning, 
egg hatchability, and hatchling survival are believed to be the most significant 
toxic effect of organochlorine pesticides. Other chronic effects include changes 
in behavior (e.g., aggression, responsiveness, and eating rates). 

The high lipophilicity of organochlorine pesticides results in its storage in 
animal fat at concentrations that, when later mobilized under stress, can cause 
adverse effects. If the animal is consumed as prey, the fat-stored pesticides 
may serve as an effective dosing mechanism for higher trophic levels. 

Herbicides. The presence of herbicides at OU 3 may be due, in part, to direct 
application as part of routine, basewide pest management practices. Herbicides 
were detected in both surface soil and groundwater at SA 8. Ecotoxicity 
information on herbicides is limited. In general, high doses of certain 
herbicides may cause mortality and adverse reproductive effects in terrestrial 
wildlife. In addition, herbicides are known to impact growth and cocoon 
productioninterrestrial invertebrates. Aquatic toxicity onherbicides detected 
in the groundwater at SA 8 is provided in Table G-12 of Appendix G. 

Most of the herbicides detected in surface soil at SA 8 are highly water soluble; 
therefore, migration via groundwater is a likely transport mechanism. A number 
of the herbicides including 2,4' -D, 2,4,5-TP, 2,4,5-T, dalapon, and dichloroprop 
biodegrade in the soil. In aquatic environments, these herbicides undergo 
biodegradation, hydrolysis, and photolysis. Some herbicides, such as 2,4,5-TP 
and 2,4,5-T, tend to sorb to organic material or sediment particles in aquatic 
environments, while others, such as dalapon, do not bind to sediments or 
bioaccumulate in aquatic organisms. 

Inorganic Constituents. In SA 8 surface soil and groundwater, fourteen and seven 
inorganic constituents were identified as ECPCs, respectively. Of these ECPCs, 
ecotoxicity profiles are provided for those chemicals that are considered most 
toxic to ecological receptors. Profiles for these chemicals, which include 
arsenic, cadmium, lead, and silver, are provided below. 

NTC-RIFS.OU3 
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Arsenic. Arsenic was detected in both the surface soil and groundwater at SA 8. 
The various inorganic forms of arsenic appear to have similar levels of toxicity 
and are all more toxic than the organic forms. The trivalent form is signifi- 
cantly more toxic to fish than the pentavalent form of arsenic, but acute 
toxicity values have been reported for both forms of arsenic. The level of 
toxicity can be affected by a number of factors including water temperature, pH, 
phosphate concentration, and suspended solids (Eisler, 1988a). Freshwater 
amphipods and cladocerans are more sensitive than freshwater fish to arsenic. 

In terrestrial animals, arsenic poisoning is a rare toxic syndrome among domestic 
animals. In the laboratory, arsenic has been found to be carcinogenic, 
teratogenic, embryotoxic, and fetotoxic and also cause hyperemia, edema, 
hemorrhaging and pulmonary congestion. Arsenic is toxic to terrestrial plants, 
inhibiting mitosis, photosynthesis, and respiration, andinterferingwith nucleic 
acid and protein synthesis. 

Arsenic toxicity does not appear to increase greatly with chronic exposure, and 
does not bioconcentrate to a great degree. Arsenic may bioaccumulate in lower 
forms of aquatic life more readily than in fish (USEPA, 1985) and bottom feeding 
fish tend to accumulate more arsenic than pelagic fish (Sorensen, 1987). Some 
fish species show indication of acclimation to arsenic exposure, that is, 
toxicity is decreased in organisms previously exposed to arsenic. (Rand and 
Petrocelli 1985). 

Cadmium. Cadmium was detected only in the surface soil of SA 8. Cadmium is not 
biologically essential or beneficial and is known to be a teratogen, carcinogen, 
and a probable mutagen (Eisler, 1985). Toxic effects in animals include 
decreased growth rates, anemia, infertility, fetus abnormalities, abortions, 

,5--x 

kidney disease, intestinal disease, and hypertension. Sublethal effects of 
cadmium in birds include growth retardation, anemia and testicular damage 
(Eisler, 1985) Increased dietary calcium, iron, selenium, zinc or ascorbic acid 
tend to decrease the toxicity of cadmium, while dietary lead or mercury increases 
the toxicity (Eisler, 1985). 

Mammals have no effective mechanism for eliminating ingested cadmium; therefore 
with time, cadmium tends to accumulate in the liver and kidney. It tends to be 
very persistent in the kidney and can cause renal tubular damage (NAS, 1980). 
Cadmium in soil is absorbed passively by plants and is translocated freely within 
the plant. Its phytotoxicity is related to alteration of cell membrane 
permeability, and at least some toxic effects are linked specifically to 
interference of zinc-dependent uptake and translocation processes (Foy et al., 
1978). Cadmium can cause reduction in growth (Allaway, 1968) and has been found 
in plants as high as ten times the soil concentration (Kabata-Pendias and 
Pendias, 1984). 

Lead. Lead was detected only in the surface soil of SA 8. The majority of 
information on lead toxicity in birds is on body burdens in waterfowl that have 
ingested spent lead shot and died. Neurological effects were observed within 24 
hours of dosing in mallard ducks that had ingested and absorbed lead shot 
(Mautino and Bell, 1987). Forty percent of kestrel birds receiving 625 mg/kg of 
lead died within 6 days. Lead adversely affects survival, growth, development, 
and metabolism of most animal species. Acute toxicosis is often characterized 
by impairment of the central nervous system, the gastrointestinal tract and the i--- 
muscular and hematopoietic systems, and death. Lead inhibits plant growth, 
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reduces photosynthesis, and reduces mitosis andwater absorption (Eisler, 1988b). 

Silver. Silver was detected only 'in the surface soil of SA 8. Silver is not 
known to have any biological functions in animals (NAS, 1980). Silver causes 
multiple deficiencies in vitamin E, selenium, and copper (NAS, 1980). In studies 
involving turkeys fed 900 ppm of silver, toxic symptoms included enlarged heart, 
dystrophic gizzard musculature, and severely depressed weight gain; however, no 
adverse effects were observed at 100 ppm (Bunyan et al., 1968). Toxic (effects 
in rats include decreased wight gain, liver necrosis, and increased mortality 
(NAS, 1980). The National Research Council (1977) found no adverse affects to 
plants concentrations as high as 100 mg/kg in the soil. 

7.1.1.5 Identification of Receptors Ecological receptors that may potentially 
utilize the forested wetland area adjacent to SA 8 include terrestrial wildlife 
(i.e., mammals, birds, reptiles, and adult amphibians), terrestrial plants, and 
soil invertebrates. As previously discussed, with the exception of small mammals 
and birds, the vegetative community at SA 8 provides limited habitat for 
terrestrial receptors due to the presence of storage structures, asphalt, and the 
surrounding chain-linked fence. Terrestrial ecological receptors that may be 
particularly sensitive to the contaminants at SA 8 include carnivorous birds. 
Freshwater aquatic receptors (i.e., fish, invertebrates, amphibians, and aquatic 
plants) in Lake Baldwin are also evaluated in the ERA because groundwater from 
SA 8 may potentially migrate to the surface water of Lake Baldwin. 

Certain spe$es that potentially reside at NTC, Orlando are protected by l?ederal 
and/or State laws. A list of State and federally protected species is provided 
in Table 3-3, Although gopher tortoises have been observed in the golf course 
adjacent to SA 8, no State or federally listed rare, threatened, or endangered 
species or species of concern are known to inhabit SA 8. The gopher tortoise is 
not expected to occur at SA 8 because the water table is very close to the 
surface (i.e., 2 to 3 feet). 

7.1.1.6 Identification of Complete Exposure Pathways Exposure pathways are 
identified for four groups of receptors (terrestrial wildlife, terrestrial 
plants, soil invertebrates, and aquatic receptors). A complete exposure pathway 
includes a source of contamination, an exposure route, and a receptor. A 
conceptual model of the exposure pathways from source to ecological receptors is 
depicted in the contaminant pathway model on Figure 7-2. 

All potential routes of exposure are considered in the ERA and are presented in 
the contaminant pathway model. The model differentiates between those exposure 
routes that are quantitatively evaluated and those that are qualitatively 
discussed. Exposure pathways that are not shaded are either evaluated 
qualitatively or are not evaluated in this ERA. This limitation is necessary to 
focus the risk evaluation on those pathways for which contaminant exposures are 
the highest and most likely to occur. Those pathways that cannot be quantita- 
tively evaluated, due to a lack of toxicological information, are qualitatively 
discussed and addressed as uncertainties. The general approach used to identify 
exposure pathways for the four groups of receptors is explained below. 

Terrestrial Wildlife. Terrestrial wildlife may be exposed to contaminants in 
surface soil and food items that are contaminated as a result of ingestion, 
dermal adsorption, and inhalation of fugitive dust and volatile emissions. The 
wildlife exposure routes that are believed to contribute the highest potential 
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contaminant exposures include ingestion of soil and food items that are 
contaminated as a result of accumulation of constituents from site media. For 
example, carnivorous birds may be particularly sensitive to exposures associated 
with ingestion of pesticides in surface soil and food items. Although ingestion 
of surface water from Lake Baldwin adjacent to SA 8 is possible, this pathway is 
not evaluated in the ERAbecause surface water data from Lake Baldwin was already 
evaluated as SA 6 during the site screening for NTC, Orlando. Based on available 
information and the results of the site screening, Lake Baldwin does not likely 
represent an environmental concern; therefore, no further evaluation is reuuired 
for this area (ABB-ES, 1995b). 

Although dermal exposures may be a viable exposure pathway for amphibians, 
reptiles (particularly the gopher tortoise), and for young, hairless mammals in 
subterranean dens (e.g., juvenile muskrats), dermal adsorption is considered to 
be a negligible exposure pathway because the presence of fur, feathers, or 
chitinous exoskeleton is likely to prevent contamination from coming in direct 
contact with the skin (Simon, 1997). In addition, soil trapped in the fur or 
feathers is likely to be ingested during grooming or preening activities, which 
are evaluated as part of the indirect ingestion exposure pathway. 

Exposure via inhalation of fugitive dust is also not likely to be a significant 
exposure pathway because the vegetation at OU 3 would limit the release of 
fugitive dust. Although volatile constituents were not analyzed in the surface 
soil collected from OU 3, previous investigations indicate that VOCs are not 
present in the surface soil at OU 3. Therefore, exposures associated with VOCs 
are notevaluated in the ERA. In addition, no evidence of burrowing animals 
and/or burrows was noted at OU 3 during the October 1997 ecological survey 
conducted by HLA ecologists. 

Potential contaminant exposures via the ingestion pathway for reptiles and adult 
amphibians exist at NTC, Orlando; however, ingestion toxicity data andbioaccumu- 
lation factors (BAFs) are generally not available for these receptors. 
Therefore, potential risks associatedwith ingestion of affected surface soil and 
food to these reptiles and amphibians will be qualitatively addressed in the 
Uncertainties Section of the ERA. 

Terrestrial Plants and Invertebrates. Terrestrial plants and soil invertebrates 
may be exposed to contamination in surface soil by direct contact with and root 
uptake (by plants) or ingestion (by invertebrates) of soil. The ingestion 
exposure routes include the ingestion of soil and food items containing chemicals 
accumulated from SA 8 surface soil. Terrestrial plants may also be exposed to 
contamination in groundwater where roots reach a zone of saturation. The 
inhalation exposure route is not evaluated for terrestrial invertebrates due to 
the reasons discussed above for terrestrial wildlife. 

Aquatic ReceDtors. Exposure pathways evaluated for aquatic receptors in Lake 
Baldwin include direct contact with groundwater (as it discharges to the surface 
water of Lake Baldwin). Although direct contact with the surface water and 
sediment, and ingestion of sediment and food items (via stormwater runoff) are 
possible, these pathways ,are not evaluated as part of this ERA because surface 
water and sediment data from Lake Baldwin was already evaluated during site 
screening for SA 6. As previously mentioned, the results of the site screening 
indicate that no further evaluation is required for Lake Baldwin (ABB-ES, 1995b). 
It is conservatively assumed that concentrations of constituents in groundwater 
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from the well points adjacent to Lake Baldwin are representative of constituent 
concentrations in the surface water of Lake Baldwin. ,/--, 

7.1.1.7 Identification of Endpoints The assessment and measurement endpoints 
selected for the SA 8 EEA are listed in Table 7-3. Assessment endpoints 
represent the ecological component to be protected, whereas the measurement 
endpoints approximate or provide a measure of the achievement of the assessment 
endpoint. One of the assessment endpoints selected for the SA 8 EEA is the 
survival and maintenance (i.e., grotith and reproduction) of terrestrial wildlife 
receptor populations at SA 8. The specific objectives of the SA 8 assessment are 
to determine whether the chemical concentrations in surface soil and groundwater 
at SA 8 are likely to result in population decline of ecological species. The 
measurement endpoints used to gauge the likelihood of population- and community- 
level effects are chemical specific toxicological benchmark values derived from 
the literature that are based on laboratory-measured survival, growth, and 
reproductive effects. The results of site-specific toxicity testing with 
groundwater from SA 8 are also used as ..a measurement endpoint. Table 7-3 
presents the medium, assessment endpoint, endpoint species (i.e., receptor), 
measurement endpoint, and decision point (i.e., the outcome at which additional 
evaluation may be warranted). 

Five hypotheses were developed to gauge potential risks associated with exposure 
to SA 8 surface soil and groundwater. These hypotheses are designed for multiple 
species and trophic levels and represent both individual and community dynamics. 
Hypotheses for the SA 8 ERA include the following: 

1. Are ECPCs present in the surface soil at concentrations sufficient- 
ly high to reduce plant or soil invertebrate biomass or plant cover 

/T"a 

availability such that herbivorous small mammal and insectivorous 
and herbivorous bird populations could be affected? 

2. Are ECPCs concentrations in plants and invertebrates sufficiently 
high as to adversely affect foraging small mammal or bird popula- 
tions following consumption of contaminated prey? 

3. Are bioaccumulating chemicals sufficiently high to reduce surviv- 
ability, growth, or reproduction in top predators (e.g., carnivo- 
rous birds)? 

4. Are ECPCs present in the groundwater at concentrations sufficiently 
high to reduce the survival and maintenance of aquatic receptor 
populations in Lake Baldwin, located approximately 80 feet west of 
SA 8? 

5. Are ECPCs present in groundwater at concentrations sufficiently 
high to reduce terrestrial and/or wetland plant biomass or plant 
cover availability such that small mammal and bird populations 
could be affected? 

7.1.2 Baseline Problem Formulation As previously discussed in the screening- 
level problem formulation, direkt spillage' or disposal of pesticides and 
herbicides on the ground surface at SA 8 were the most likely mechanisms for 
introducing contaminants to the environment. Contaminants included pesticide or t.-t 
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herbicide compounds in both dry and liquid forms, as well as potential solvents 
or other carriers (i.e., arsenic) used in creating the application mixes. 

The baseline problem formulation will establish the goals, breadth, and focus of 
the baseline ERA, based on information provided in the screening-level problem 
formulation. Specifically, the baseline problem formulation includes a 
discussion of the ECPCs and potential ecological effects of these contaminants 
(Paragraph 7.1.2.1), as well as a review of the contaminant fate and transport, 
complete exposure pathways, and ecosystems potentially at risk (Paragraph 
7.1.2.2). In addition, assessment endpoints are refined (Paragraph 7.1.2y.3) and 
a conceptual model is presented (Paragraph 7.1.2.4). 

7.1.2.1 Refinement of ECPCs ECPCs in surface soil and groundwater at SA 8 were 
selected based on the criteria discussed in Paragraph 7.1.1.2. All the surface 
soil and groundwater ECPCs identified in Tables 7-l and 7-2, respectively, will 
be carried forward into the baseline ERA. ECPCs in both media include 
pesticides, PCBs, herbicides, and a number of inorganic constituents. 
Semivolatile organic constituents were identified as ECPCs in the surface soil, 
but not in the groundwater at SA 8. Although all ECPCs will be addressed in the 
baseline ERA, it is anticipated that pesticides in surface soil and arsenic in 
groundwater may pose the greatest potential threat to ecological receptors at the 
site. 

The methods used for identifying and characterizing ecological effects for ECPCs 
in surface soil and groundwater are provided in Subsection 7.1.4. The :primary 
ecological effects associatedwithpesticides includebioaccumulation in the food 
chain and sublethal reproductive effects to avian species, including eggshell 
thinning, egg hatchability, and hatchling survival. The trivalent species of 
arsenic is most toxic to ecological receptors. Ecological effects include 
carcinogenicity, teratogenicity, embryotoxicity, and fetotoxicity. 

7.1.2.2 Contaminant Fate and Transport, Ecosystems Potentially at Risk, and 
Complete Exposure Pathways The preliminary identification of contaminant fate 
and transport, ecosystems potentially at risk, and complete exposure pathways 
were conducted as part of the screening-level problem formulation. The exposure 
pathways and ecosystems associated with the assessment endpoints identified in 
the screening-level problem fo'rmulation are evaluated further in this section. 

A description of the contaminant fate and transport mechanisms at SA 8 is 
provided in Paragraph 7.1.1.3. The fate and transport of all of the ECPCs is 
discussed in further detail in Chapter 5.0. In summary, contaminants at SA 8 are 
transported via surface water runoff and infiltration. However, it is expected 
that off-site migration of contaminants may be limited due to the high sorption 
coefficients of the ECPCs. Organic contaminants are expected to degrade over 
time, while inorganic constituents tend to sorb to soil and remain close to the 
source of introduction into the environment. 

As previously discussed in Paragraph 7.1.1.1, the habitats at SA 8 include 
disturbed uplands and forested wetland areas. Given the nature of ECPCs at SA 
8, ecosystems that may be potentially at risk include terrestrial and semiaquatic 
wetland habitats where terrestrial receptors (i.e., small mammals and birds) as 
well as terrestrial plants and soil invertebrates may be exposed to site-related 
contaminants. In particular, special attention will be given to carnivorous 
birds, which are sensitive to pesticide exposures. In addition, migration of 
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arsenic in groundwater to the forested wetland--area and Lake Baldwin may be of 
. concern for aquatic receptors and terrestrial/wetland plants. 

Exposure pathways for ecological receptors at SA 8 were evaluated in Paragraph 
7.1.1.6 of the screening-level problem formulation. Based on this evaluation, 
complete exposure pathways for terrestrial receptors include ingestion of soil 
and food items that are contaminated as a result of accumulation of constituents 
from site media. Terrestrial plants and soil invertebrates,may also be exposed 
to contamination in the surface soil by direct contact with and root uptake (by 
plants) or ingestion (by invertebrates) of soil. For aquatic receptors, complete 
exposure pathways include direct contact with groundwater as it discharges to the 
forested wetland area and Lake Baldwin. 

7.1.2.3 Selectionof Assessment Endpoints The assessment endpoints selected for 
SA 8 are listed in Table 7-3. These endpoints focus on particular components of 
the ecosystem that could be adversely affected by contaminants from SA 8. The 
assessment endpoints were selected based on the ecosystems, communities, and/or 
species that are potentially present at SA 8. Although all of the assessment 
endpoints identified in Table 7-3 will be evaluated, particular emphasis will be 
given to the protection of carnivorous birds, which are sensitive to pesticide 
exposures. 

7.1.2.4 Conceptual Model Based on the knowledge of contaminants present at SA 
8, the complete exposure pathways, and the selected assessment endpoints, an 
integrated conceptual model was developed. The conceptual model includes a 
contaminant fate and transport diagram that follows the contaminants' movement 
from sources through the ecosystem to receptors that include the selected n 
assessment endpoints. 

The conceptual model for SA 8 is presented on Figure 7-3. Surface water runoff 
via overland transport and infiltration are the main mechanisms responsible for 
the transport of contaminants from the primary source at SA 8 to the secondary 
sources including surface soil and groundwater. Therefore, surface soil and 
groundwater are media of concern at SA 8. 

Surface soil is the exposure point for terrestrial wildlife, terrestrial plants 
and soil invertebrates. The primary ecological receptors that may be exposed to 
surface soil include terrestrial plants and soil invertebrates, secondary 
ecological receptors include small herbivorous mammals and insectivorous and 
herbivorous birds, and tertiary receptors include carnivorous birds. Carnivorous 
birds are particularly sensitive to site-related contaminants such as pesticides. 
Although the assessment endpoints address each of the ecological receptors for 
which exposure pathways are complete, particular emphasis will be given to 
reproductive effects (e.g., egg shell thinning) in carnivorous birds exposed to 
pesticides. 

Groundwater is the exposure point for the primary ecological receptors including 
aquatic receptors and terrestrial/wetlands plants. The assessment endpoints for 
exposure to groundwater focus on aquatic receptors including freshwater fish, 
macroinvertebrates, amphibians, and aquatic plant populations in Lake Baldwin as 
well as the saturated portions of the forested wetland area. In addition, 
laboratory toxicity tests on the fathead minnow (Pimephales promelas) and the 
water flea (Ceriodaphnia dubia) were completed on SA 8 groundwater because 
arsenic in groundwater exceeded MCL values. Therefore, the assessment endpoint 
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for SA 8 also includes survival, growth, and reproduction of fathead minnows and 
dapnids. The third assessment endpoint identified for groundwater includes the . . . ..L__ _. .-_, _ ,*T, 
growth and yield of terrestrial and wetland plant populations where the roots are 
exposed to groundwater. 

7.1.3 Exposure Assessment The purpose of the ecological exposure assessment is ._ 
to estimate or‘measure the am&it ‘;;f an ECPC fo,which an ecological receptor may 
be exposed. The following sections brief19 describe how contaminatif'exposures 
were estimated or measured for wildlife, terrestrial plants, and invertebrates 
at SA 8 and aquatic receptors *in Lake Baldwinadjacent to SA 8. The contaminant 
pathway model (Figure 7-2) and the site conceptual model (Figure 7-3) provide a 
summary of the potential exposure pathways that exist at SA 8 for each group of 
receptors. 

7.1.3.1 Calculation of EPCs The EPC is a representative concentration used for 
evaluating risks throughout this EEA. E!ME and central tendency concentrations 
were derived for each ECPC. Because the sample sizes for both the surface soil 
and groundwater data sets are greater than ten at SA 8, the R.ME value is equal 
to the lesser of the maximum detected concentration and-the 95 percent UCL 
calculated on the log-transformed arithmetic mean (USEPA, 199211). One-half of 
the detection limit was used to calculate the 95 percent UCL. If potential risks 
were predicted based on the RME scenario, then the central tendency exposure 
scenario was also evaluated. The. central tendency exposure concentration is 
represented by the arithmetic mean of all samples. One-half of the detection 
limit was also used as a surrogate value for sample results that are below the 
detection limit. Tables 7-l and 7-2 present the RME and central,tendency EPCs 
for selected surface soil and groundwater ECPCs, respectively. 

7.1.3.2 Terrestrial Wildlife Exposure routes for wildlife receptors include 
direct and indirect ingestion of soil and ingestion of food containing site- 
related chemicals. The actual amount of an ECPC taken in by wildlife species 
(i.e., ingestion dose in mg/kg-day) depends on a number of factors that can be 
obtained from the literature to estimate a potential dietary exposure (PDE). In 
calculating the PDE, wildlife species considered representative of the trophic 
guilds at the site are identified, quantitative exposure parameters are 
developed, and bioaccumulation through the food chain is considered. 

Wildlife species from different trophic guilds that may be present at the site 
were selected for the PDE model. The model uses species-specific feeding and 
habitat characteristics to estimate chemical exposures to wildlife species 
respective to their position in the food chain. Terrestrial receptors were 
chosen to represent the trophic levels typically found in disturbed upland 
vegetative communities, as well as the adjacent wetland forest at SA 8. The 
representative wildlife species considered in the EPA for SA 8 and OU 3 are 
summarized in Table 7-4 and discussed below. 

. Cotton mouse (Peromyscus gossypinus). The cotton mouse represents a 
small mammalian herbivore that could potentially be exposed to contami- -- .,^&_ ., ,_ 
nation in soil and in plant tissue (accumulated from the soil). The 
cotton mouse home range is estimated at 0.147 acres; therefore, this 
species could reside entirely on the site. The cotton mouse represents - 
the small mammal herbivore community at OU 3. 
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. Mourning dove (Zenaida macroura). The mourning dove forages by ground- 
gleaning in roadsides and open fields with scattered shrubs and trees. 
It feeds almost entirely on seeds; however, it is also known to eat 
occasional insects, snails, and gravel to facilitate seed digestion 
(Terres, 1980). The mourning dove will nest in a variety of man-made 
or natural structures, and its estimated home range is 5 acres. The 
dove represents herbivorous avian receptors at OU 3. 

. American robin (Turdus migratorius). The robin is often seen in 
developed areas, including maintained grassy lawns. This species 
represents an insectivorous avian receptor at OU 3. The home range of 
the robin is 2 acres. 

. Loggerhead shrike (Lanius ludovicianus). The loggerhead shrike 
represents a small carnivorous avian receptor that could potentially be 
exposed to contaminants that have bioaccumulated in small mammals such 
as mice, birds, and invertebrates. The shrike prefers open country, 
and thinly wooded land with clearings, meadows, and pastures (Terres, 
1980). The home range of the shrike is approximately 19 acres.. 

Table 7-4 
Ecological Receptors Evaluated at Operable Unit 3 

Remedial Investigation and Feasibility Study 
. . 

Method of 
Evaluation 

Food-web Modelling 

Operable Unit 3 
Naval Training Center 

Orlando, Florida .‘ ;. 
Receptor Evaluated 

Scientific 
Common Name Name 

Cotton mouse . Peromyscus gossypinus 

Mourning dove Zenaida macroura 

2%. ,. / 
Media 

Surface Soil Groundwater 

SA8 SA9 SA8 -G- 

X X 

X X 

American robin Turdus migratorius X X 

Loggerhead shrike Lanius ludo vicianus X X 

Benchmark Comparison Terrestrial plants X X X X 

Soil invertebrates X X 

Aquatic plants X X 

Benthic invertebrates X X 

Amphibians X X 

Fish X X 

Toxicity Testing Water Flea Ceriodaphnia dubia X 

Fathead Minnow Pimephales prom&s X 
- 8 

Note: SA = study area. 

Parameters for quantitatively evaluating exposures to wildlife include body 
weight, food ingestion rate, home range, and relative consumption of food items. 
Exposure assumptions for each of the representative wildlife species for OTJ 3 are 
provided in Table 7-5. In addition to these parameters, the species foraging 
habits and bioaccumulation in food items are also considered. 
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Table 7-5 
Exposure Parameters for Operable Unit 3 

Representative Wildlife Species 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Representative 
Wildlife Species 

Cotton mouse [a] 
(Peromyscus gossypinus) 

Mourning dove 
(Zenaida macroura) 

Body 
Weight 

(kg) 

0.04 [b] 

0.13 [f] 

Reported Diet 

Seeds and some insects. [b] 

Seeds, waste grains from agriculture, 
some insects, and occasionally snails. [g] 

Assumed Diet for 
Terrestrial Exposure 

Assessment (% of diet) 

88% Plants 
10% Invertebrates 
2% Soil [c] 

94% Plants 
1% Invertebrates 
5% Soil [f] 

55% Plants * 
40% Invertebrates 
5% Soil 

Food Ingestion 

we Wdw) 

0.0029 [d] 

0.0154 [h] 

Home Range 
(acres) 

0.147 [e] 

5 KJI 

American robin 
( Turdus migra torius) 

.0.0745 [f] Fruit, earthworm, and insects. [g] 0.0107 [h] 2 [iI 

Loggerhead shrike 
-(Lanius lydovicianus) 

0.047 [c] Mice, small birds, and insects including 
grasshoppers and crickets. [g] 

80% Small mammals 
19% Small birds 
1% Soil 

0.0079 [h] 18.7 tsl 

References: 
[a] Values for the deer mouse were used for the cotton mouse (U.S. Environmental Protection Agency [USEPA], 1993). 
[b] Wildlife Exposure Factors Handbook (USEPA, 1993). 
[o] Deer mouse value used for cotton mouse based on similarities in diet. Other values were based on diet composition (USEPA, 1993). 
[d] Calculated using the mammal equation based on body weight (Wt.) in kg. Food ingestion (kg/day) = 0.0637 x Wt o.822 (kg) (USEPA, 1993). 
[e] Average for male and female deer mice, Virginia/mixed deciduous forest (USEPA, 1993). 
[f] Terres (1980). 
[g] DeGraaf and Rudis (1986). 
[h] Calculated using the bird equation based on Wt. in kg. Food ingestion (kg/day) = 0.0582 x Wt 0~’ (kg) (USEPA, 1993). 

[i] Average of mean home range values provided for robins feeding nestlings and fledglings (USEPA, 1993). 

Notes: kg = kilograms. 
kg/day = kilograms per day. 
% = percent. 



The site foraging frequency (SFF) is an adjustment term that accounts for the 
frequency a receptor feeds within the site area. The SFF is based on both the 
acreage of the site relative to the receptor's home range and the fraction of the 
year the receptor wouldbe exposed to site-related chemicals (i.e., the exposure 
duration). By definition the SFF cannot exceed 1. The area of SA 8 (approxi- 
mately 0.6 acres including SA 8 and+the adjacent forested wetland area) is larger 
than the home range for the cotton mouse and smaller than the home range for the 
mourning dove, American robin, and the loggerhead shrike. Because all 
representative wildlife species are expected to actively forage at the sit's year- 
round, it is assumed that the exposure duration for these receptors is It. 

Wildlife species may be exposed to ECPCs in surface soil via incidental ingestion 
of soil or by ingesting prey items that have bioaccumulated these ECPCs. To 
estimate this exposure, a PDE is estimated for all representative wildlife 
species for each ECPC according to the equations in Table 7-6. 

BAFs are used in the wildlife exposure model to estimate the transfer of 
chemicals between soil and plants or soil invertebrates, and between these 
organisms and primary consumer species. To estimate the PDE, tissue concentra- 
tions of ECPCs in prey items are estimated using BAFs for surface soil. BAFs for 
most receptors are extrapolated from literature values or estimated using 
regression equations from scientific literature. The general approach used to 
select BAFs for OU 3 is summarized in Table 7-7. 

BAFs for invertebrate and plant food items are defined as the ratio of the ECPC 
concentration in plant or invertebrate tissue (mg chemical/kg tissue wet-weight) 
to the ECPC concentration in surface soil (mg chemical/kg dry-weight soil). BAFs 
reported in the scientific literature for avian and mammalian receptors are the 
reported ratios of ECPC concentrations in the tissues of these receptors (mg 
chemical/kg wet tissue) to the concentrations of ECPCs in their food items (mg 
chemical/kg wet tissue). BAFs for each of the surface soil ECPCs evaluated at 
OU 3 are included in Table G-l of Appendix G. 

Although indirect exposures to wildlife from groundwater ECPCs exist, this 
exposure pathway is not a significant route of exposure (compared to dietary 
exposure) and is unlikely to result in risk. Consequently, risks to wildlife from 
exposure to groundwater ECPCs were not evaluated at SA 8. 

7.1.3.3 Terrestrial Plants and Invertebrates Terrestrial plants and inverte- 
brates may be exposed to ECPCs via direct contact with and root uptake (plants) 
or ingestion (invertebrates) of ECPCs measured in SA 8 surface soil. For the 
purposes of the OU 3 EEA, exposures to terrestrial plants and invertebrates are 
assumed to occur within the top 1 foot interval of surface soil. Wetland plants 
may also be exposed to groundwater in areas where groundwater is within 1 foot 
of the ground surface (i.e., in the forested wetland area). 

7.1.3.4 Aquatic Receptors Exposure concentrations for aquatic receptors are 
conservatively assumed to be equal to the concentrations of ECPCs detected in 
groundwater prior to discharge to Lake Baldwin, which is adjacent to SA 8. The 
fathead minnow (P. promelas) and the water flea (C. dubia) were exposed to 
groundwater samples collected from.two monitoring wells downgradient of SA 8 in 
toxicity tests. Aquatic organism exposures to concentrations of analytes 
detected in unfiltered groundwater samples frommonitoringwells adjacent to Lake 
Baldwin in the forested wetland area (08G01301, 08G001401, and 08GOlSOl) are 
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Estimation of Potential Chemical Exposures 
for Representative Wildlife Species 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 

Scope: 

Soil Chemical 
Concentration: 

Soil Exposure 
Concentration: 

ingestion of surface soil and’food items containing site-related chemicals. 

The lesser of the maximum detected concentration or the 95th percent upper confidence limit (UCL) 
of the mean. I, 

soi 1 
Exposure = ( 

(mg/kY) 

Primary Prey ltem 
Concentration Cr,): 

Secondary Prey 
Item 
Concentration (T,): 

Total Exposure 
Related to 
Surface Soil: 

Primary 
Prey Item Soil 

Concentration = ( BAFinv orp~mt x Concentration 1 

(mdkg) (mdkg) 

Secondary Tissue 
Prey Item Concentration of 

Concentration = ( BAFmaoxbi,dx 
Primary ) 

(md kg) Prey Items 
(mg/W 

where BAF = Bioaccumulation factor or mg/kg fresh weight tissue over mg/kg dry weight soil 
for invertebrates and plants, and mg/kg fresh weight tissue over mg/kg fresh 
weight food for small mammals and small birds. 

PDE [PlxTl + . . . +PNxTN+ x IRni,, x SFF x ED 
(mg/kgBW-day) = BW - _, ._ . 

where PDE = potential dietary exposure (mg/kg BW-day), 

PN = percent of diet composed of food item N, 

TN = tissue concentration in food item N (mg/kg), 
IR,, = food ingestion rate of receptor (kg of food or dietary item per day), 
BW = body weight (kg) of receptor, 
SFF = site foraging frequency (site area [acres] divided by home range [acres]), 

assumed to be equal to 1 for lethal exposure scenario, and 
ED = exposure duration (fraction of year species is expected to occur on site) 

Source: Suter (1993) and Maughan (1993). 
-r Ll, Ch P, 3 F.‘i., 

Notes: mg/kg = milligrams per kilogram. 
% = percent. 
TN = tissue concentration .in food item N. _ _,, _,-_ _ . ( __ 
BAF = bioaccumulation factor. 
inv = invertebrate species. 
mam = mammal species. 
mg/kg BW-day = milligrams per kilograms of body weight per day. 
kg = kilograms. 
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Table 7-7 
Estimation of Noaccumulation Factors 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Receptor Group 
Nature of 
Approach 

General Approach 

Tsrrestrial Plants 

Unit: mg/kg wet tissue per 
mg/kg dry soil 

Terrestrial Invertebrates 

Unit : mg/kg wet tissue per 
mg/kg dry soil 

Small Mammals 

Unit : mg/kg wet tissue per 
mg/kg wet food 

Literature Values 

Extrapolation and Empirical Data 

Structure Activity Relationship 

Literature Values 

Empirical Data and Assumption 

Literature Values When available, literature values were used to estimate BAFs for small mammals. 

Extrapolation and Empirical Data 

Structure Activity Relationship 

When literature values were not available, BAFs for small mammals for inorganics were derived from 
ingestion-to-beef biotransfer factors (BTFs) presented in Baes et al. (1984).’ 

When literature values were not available for SVOCs, BAFs for small mammals were estimated using 
a regression equation based on the uptake of organic chemicals into beef tissue from Travis and 
Arms (1988)” 

Assumption 

When available, literature values were used to estimate plant bioaccumulation factors (BAFs). 
Evidence from the literature (Levine et al., 1989) suggests that lead does not bioaccumulate in plant 
tissue; therefore, a BAF of zero was assigned (i.e., zero does not imply that literature information is 
lacking). 

When literature values were not available, plant BAFs for inorganic compounds were obtained from 
Baes et al. (1984)’ 

Plant BAFs for semivolatile organic compounds (SVOCs) were calculated using a regression 
equation based on the.uptake of organic chemicals into plant tissue from Travis and Arms (1988)’ 

When no specific values were available, literature values were used to estimate BAFs for inverte- 
brates. if prey-specific values were not available, small mammal BAFs were used as surrogate 
values. 

A single BAF for polynuclear aromatic hydrocarbons (PAHs) was calculated using data presented in 
Beyer (1990); dry weight was converted to wet weight assuming earthworms are 88 percent water. 

Bioaccumulation data for herbicides are generally lacking in the scientific literature. In addition, 
evidence in the literature (Maughan, 1993) suggests that analytes with log KoWs < 5 are unlikely to 
bioaccumulate in animal tissue. lt was assumed that the small mammal BAF for herbicides is 0.15 
(Maughan, 1993). 

See notes at end of table. 



Table 7-7 (Continued) 
Estimation of Bioaccumulation Factors 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Receptor Group 
Nature of 
Approach 

General Approach 

Small Birds 

Unit: mg/kg wet tissue per Literature values When available, literature values were used to estimate BAFs for small birds. 
mg/kg wet food 

No Information BAFs were not obtained for SVOCs, inorganic compounds, or herbicides as there is little bioacc- 
umulation data available for birds. 

’ BAFs derived from Baes et al. (1984). Values are based on analysis of literature references, correlations with other chemical and physical parameters, or comparisons of 
observed and predicted elemental concentrations in vegetative and reproductive plant material and soil. Data are based on dry weight and were converted to a fresh 
weight basis assuming that plants are 80 percent water for berries and leafy vegetables and 10 percent water for grains/seeds. This is generally consistent with the water 
content of berries (82 to 87 percent water), leafy vegetables (87.to 95 percent water) and grains (approximately 10 percent water), presented in Suter (1993). 
* Plant BAFs were calculated using the following Travis and Arms (1988) regression: log(plant uptake factor) = 1.588-0.578(log K,,,). 
’ BTFs were converted to a BAF (mg/kg tissue divided by mg/kg food) by multiplying by a food ingestion rate of 50 kg (wet weight) per day (average intake for lactating 
and nonlactating cattle, as reported in Travis and Arms, 1988). 
4 Small mammal BAFs were calculated using the following Travis and Arms (1988) regression: log BTF = log K,, - 7.6; where BTF = biotransfer factor (mg/kg tissue 
divided by mg chemical ingested per day). 

Notes: mg/kg = milligrams per kilogram. 

log Km., = logarithmic expression of the octanol-water partition coefficient. 
< = less than. 

i 
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considered in the SA 8 ERA. 
!.L~ F : b 

Degedtid' c'oncentrations of constituents in 
groundwater from these monitoring wells are conservatively assumed to be 
representative of concentrations present in the surface water of Lake Baldwin. 
This assumption is considered as conservative because it does not account for 
attenuation of constituent concentrations, as groundwater is diluted in the 
surface water of Lake Baldwin. In addition, contaminant concentrations in 
unfiltered groundwater tend to be higher than those for filtered groundwater 
because of sorption to particulate matter; therefore, the concentrations observed 
in unfiltered groundwater may overestimate ecological exposures. 

7.1.4 EcolonicalEffects Assessment The ecological effects assessment discusses 
which measurement endpoints were used to evaluate potential adverse impacts to 
the assessment endpoints (i.e., the survival and maintenance of receptor :popula- 
tions). The methods used for identifying and characterizing ecological 'effects 
for ECPCs in surface soil and groundwater are described in Paragraphs 7.1.4.1 and 
7.1.4.2, respectively. 

7.1.4.1 Surface Soil Wildlife receptors, terrestrial plants, and soil inverte- 
brates are potentially exposed to ECPCs in surface soil at SA 8. The measures 
of adverse ecological effects for these receptors are discussed separately. 

Terrestrial Wildlife. As identified in the problem formulation, the assessment 
endpoint selected for terrestrial wildlife is the survival, reproduction and 
growth of herbivorous mammals and insectivorous, omnivorous, and carnivorous bird 
populations present within the disturbed upland and wetland forested aresa of SA 
8. Because no long-term wildlife population data are available at NTC, Orlando, 
a direct measurement of this assessment endpoint is not possible. The 
literature-derived results of laboratory toxicity studies that relate the dose 
of a chemical in an oral exposure with an adverse response to growth, reproduc- 
tion, or survival of a test population (avian or mammalian species) are used as 
a measure of the assessment endpoint. Wildlife ingestion toxicity data are 
presented in Appendix G, Table G-2. 

Reference toxicity values (RTVs) are derived for each ECPC and representative 
wildlife species according to the data hierarchy presented in Ecological Risk 
Assessment Guidance for Superfund: Process for Designing and Conducting 
Ecological Risk Assessments, Interim Final Draft (USEPA, 1997b). The RTV 
represents the highest exposure level (e.g., concentration in the diet) not shown 
or estimatedtoproduce adverse effects (e.g., reduced growth, impaired reproduc- 
tion, increased mortality). For each ECPC, two RTVs representing lethal and 
sublethal effects are selected for each representative wildlife species. Lethal 
effects are those that result in mortality while sublethal effects include those 
that impair or prevent reproduction or growth. The RTVs are assumed to be a 
measure of the assessment endpoints for the protection of the survival, growth, 
and reproduction of terrestrial wildlife populations. Lethal RTVs are developed 
using the following data hierarchy discussed in numbered items 1, 2, and 3, while 
sublethal RTVs are derived using the methodology discussed in numbered items 1 
and 2: 

1. For contaminants with well-documented adverse effects, the highest 
reported exposure level not resulting in significant adverse 
effects (i.e., a NOAEL) was selected as the RTV. 
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2. Generally, one-tenth of the LOAEL was selected as the RTV for 
analytes lacking NOAEL values. However, application of the lo-fold ,*-; 
uncertainty factor was based on consideration of the exposure 
duration, type of toxicity test, and the relationship between the 
selected measurement and assessment endpoints. Deviations from 
application of the lo-fold uncertainty factor are footnoted in 
Table G-2 of Appendix G. 

3. The lowest reported oral LD 50 (oral dose [in mg/kg body weight-day] 
lethal to 50 percent of a test population) was used to derive the 
lethal RTV if NOAEL or LCARL v-alues. (based.on lethal_effects) were 
not available. The lethal RTV is one-fifth of the lowest reported 
LD,, value for the species most closely related to the representa- 
tive wildlife receptor. One-fifth of an oral LD,, value is 
considered to be protective against lethal effects for 99.9 percent 
of individuals in a test population (USEPA, 1986b). An assumption 
is made that the value represented by one-fifth of an oral LD,, 
would be protective of 99.9 percent of the individuals within the 
terrestrial wildlife populations and represents a level of 
acceptable risk. 

A summary of lethal and sublethal RTVs selected from the ingestion toxicity data 
is provided in Table G-3 of Appendix G. 

If neither lethal nor sublethal toxicity information was available for a 
taxonomic group, no RTVs were identified and risks associatedwith the respective 
ECPC were not quantitatively evaluated. However, the absence of specific data ;-? a 
for a taxonomic group does not imply that there is no toxicological effect 
associated with contaminant exposure by these receptors; therefore, potential 
risks to these taxonomic groups are qualitatively discussed in the Uncertainties 
Section (Subsection 7.1.6). 

Terrestrial Plants and Invertebrates. The assessment endpoints selected for I A.,...*^ terrestrial plants and soil invertebrates are reduction in the biomass of 
terrestrial plants and abundance of soil invertebrates used as forage material. 
Site-specific toxicity data for plants and invertebrates are not available for 
SA 8; therefore, the results of toxicity studies from the literature that~relate 
the soil concentrations of a contaminant with adverse effects to growth, 
reproduction, or survival of a test population are used as a measure of the 
assessment endpoint. These study results are summarized for each ECPC in 
Appendix G, Tables G-4 (plants) and G-5 (invertebrates). 

7.1.4.2 Groundwater Aquatic organisms and terrestrial plants are potentially 
exposed to groundwater as it discharges to the surface at SA 8. The measures of 
adverse ecological effects for aquatic organisms and terrestrial plants are 
discussed separately. 

Aquatic Receptors. As discussed in Paragraph 7.1.3.4, the toxicity of SA 8 
groundwater to aquatic receptors was evaluated through chronic toxicity testing 
with the fathead minnow and the water flea. Groundwater for toxicity testing was 
collected from two site-related monitoring wells (OLD-08-18 and OLD-08-13) 
located in the forested wetland area adjacent to Lake Baldwin and one upgradient 
reference monitoring well (OLD-08-16) located east of SA 8 in the golf course. d---x 
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The locations of the wells are shown on Figure 2-3. The groundwater toxicity 
testing methods and results are described in further detail in Appendix H. 

The results of the survival, reproduction, and growth toxicity tests using SA 8 
groundwater are summarized in Table 7-8. Survival and reproduction toxicity 
tests were completed using the water flea, and survival and growth toxicity tests 
were completed using the fathead minnow. The results of the groundwater toxicity 
tests indicate no acute (following 48 hours of exposure) or chronic (following 
7 days of exposure) impacts to survival in either of the test species. Water 
fleas and fathead minnows exposed to groundwater collected from sample 0~8GOl301 
showed a significant reduction (P less than 0.05) in reproduction and growth, 
respectively, as compared to the concurrent laboratory control. However, no 
significant reduction in the reproduction of water fleas or growth of fathead 
minnows was observed in sample 08G01301 relative to the site reference sample 
08G01601 (P less than 0.05). 

Terrestrial Plants. The results of toxicity studies from the literature that 
relate the concentrations of a cont&ninant in solutionwith adverse plant growth, 
reproduction, or survival effects of a test population were used as a measure of 
the terrestrial plant assessment endpoint. These study results are summarized 
in Appendix G, Table G-4. In addition, observations of stressed vegetation at 
SA 8 were used as a measurement endpoint for terrestrial plants. 

7.1.5 Risk Characterization Using the assessment process described in 
Subsection 7.1.4, risks are characterized for ecological receptors exposed to 
affected surface soil and groundwater at SA 8. 

7.1.5.1 Surface Soil Potential risks associated with exposure to ECPCs in 
surface soil at SA 8 are discussed separately for wildlife, terrestrial plants, 
and soil invertebrates, Risks to wildlife are characterized by comparing PDE 
concentrations (based on RME and central tendency exposure concentrations) for 
each surface soil ECPC with a respective RTV (estimated threshold doses for 
toxicity). Risks for terrestrial plants and soil invertebrates are evaluated by 
comparing toxicity benchmarks to RME and central tendency exposure concentra- 
tions. 

Terrestrial Wildlife. Risks for the representative wildlife species associated 
with ingestion and bioaccumulation of ECPCs in surface soil and prey items are 
quantitatively evaluated using HQs. HQs are calculated for each ECPC by dividing 
the PDE concentration by the selected lethal and sublethal RTV. HIS are 
determined for each receptor by summing the HQs for all ECPCs. When the 
estimated PDE is less than the RTV (i.e., the HQ less than 1), it is assumed that 
chemical exposures are not associated with adverse effects to receptors, and 
risks to wildlife populations are unlikely to be significant. For instance, if 
the PDE calculated using the RME concentration is less than the lethal RTV, then 
it is assumed that adverse effects to the survival of wildlife populations (e.g., 
reduction in population size and age-class stability) are unlikely to occur. 
Similarly, if the reasonable maximum PDE is less than the sublethal RTV, then it 
is assumed that adverse effects to wildlife populations related to growth and 
reproduction are unlikely to occur. When an HI is greater than 1, a discussion 
of the ecological significance of the HQs comprising the HI is completed and 
risks from exposure to central tendency concentrations of ECPCs are evaluated. 
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Results of Study Area 8 Groundwater Toxicity Testing 

Remedial lnve,stigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

I . ,_ . _ ,. 
Water flea (Cefiod8phi8 dUbi8) Fathead minnow (Pimephales proms/as) 

Acute Chronic Reproduction Acute Chronic 
Sample Location 48-hour End of -/-day (average number 48-hour End of 7-day Growth 

Survival Test Survival of offspring per Survival Test Survival 
(average dry 

(%) (%) adult) 04 04 
weight in mg) 

Lab Control #l’ 
” .‘l .dC, 8,‘ ..i...~ 

100 100 32.7 -186 - t 
& ” A.. ., *a,, ,. o:& 

08G01601 100 100 33.9 100 90 0.46 
(site reference) 

Lab Control #2* 100 100 46.7 100 98 0.49 

08G01801 100 100 50 100 98 0.47 

08G01301 100 100 334.1 100 95 30.44 
~ ,.,$, 

’ Lab control #l was run concurrently with sample 03G01601 (site reference). 
,. ^ : 

’ Lab control #2 was run concurrently with samples 08G01801 and 08601301. 
3 Statistically significant reduction relative to the concurrent laboratory Fntrol #2 (P less than 0.05). .I‘.““,X.I,,s-“..“^ 

Notes: Groundwater toxicity testing methods and results are described in Appendix H. Two separate laboratory 
controls were necessary because the toxicity tests for the slte reference (03G01601) and the site-related 
samples (08G01801 and 03G01301) were not run concurrently. 

% = percent. 
mg = milligrams. 

I 1 ;,’ . . ’ 
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This hazard ranking scheme evaluates potential ecological effects to individual 
organisms and does not evaluate potential population-wide effects. Contaminants 
may cause population reductions by affecting birth and mortality rates, 
immigration, and emigration (USEPA, 1989d). In many circumstances, lethal or 
sublethal effects may occur to individual organisms with little population or 
community-level impacts; however, as the number of individual organisms 
experiencing toxic effects increases, the probability that population effects 
will occur also increases. The number of affected individuals in a population 
presumably increases with increasing HQ or HI values; therefore, the likelihood 
of population-level effects occurring is generally expected to increase with 
higher HQ or HI values. 

HQs and HIS based on lethal and sublethal RTVs are calculated for each ECPC and 
each representative wildlife species. Tables G-6 through G-11 of Appendix G 
present the HQ and HI calculations for SA 8. A summary of risks to representa- 
tive wildlife receptors is provided in Table 7-9. 

Table 7-9 
Summary of Hazard indices for Terrestrial Wildlife at Study Area 8’ 

Ecological Receptor 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida , 

Lethal Effects Sublethal Effects Sublethal Effects 
from Exposure to from Exposure to from Exposure to 

RME EPCs RME EPCs CT EPCs 

,; ,, 

Primary Risk 
Contributors 

Cotton mouse 0.63 14 6.2 Arsenic and Cadmlium 

Mourning dove 0.043 1.8 0.71 Cadmium 

American robin 0.14 4.0 1.8 Cadmium 

Loggerhead shrike 0.0049 0.8’ 0.29 _ NA 

’ The information is a summary of the HIS presented in Tables G-6 through G-11 of Appendix G. 

Notes: RME = reasonable maximum exposure. 
EPC = exposure point concentration. 
CT = central tendency. 
NA = not available. 

Summary HIS for representative wildlife species exposed to RME concentrations of 
ECPCs for lethal effects are less than 1; therefore, risks are not predic,ted for 
these receptors (i.e., bioaccumulating chemicals are not sufficiently high to 
reduce survivability in terrestrial wildlife populations at SA 8). 

The sublethal HIS for the cotton mouse (ME HI = 14 and central tendency HI - 
6.2) and the American robin (RME HI = 4 and central tendency HI = 1.8) exceed 1 
based onboth RME and central tendency exposure concentrations. For the mourning 
dove, the sublethal HI slightly exceeds 1 based on RME concentrations (RME HI = 
1.8) and is less than 1 (central tendency HI = 0.7) based on central tendency 
exposure concentrations. The primary risk driver for the cotton mouse, mourning 
dove, and robin is cadmium; in addition, arsenic is a primary risk contributor 
for the cotton mouse. Because the RME HI value for the mourning dove only 
slightly exceeds 1, population-level sublethal impacts to the dove and other 
graminivorous birds are expected to be unlikely. However, exposure of small 
mammals to arsenic and cadmium and insectivorous birds to cadmium in the surface 
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soil at SA 8 may cause a reduction in the growth and reproduction of these 
receptors. /-- 
The distribution of arsenic in the surface soil of SA 8 is shown on Figure 4-5. 
Arsenic was detected at 43 of 55 sampling locations at concentrations ranging 
from 1.4 to 90 mg/kg. Elevated concentrations of arsenic (greater than the 
ecological screening value of 20 mg/kg) were detected in the fenced area of SA 8, 
as well as the northern section.of the forested wetland area. (at location 
08SOO900). Cadmiumwas detected at 29 of.55 sampling locations at concentrations 
ranging from 0.07 to 7.1 mg/kg. The distribution of cadmium in the surface soil 
of SA 8 is also widespread, occurring in both the fenced area of SA 8 and the 
forested wetland area (at location OSSO2100). Therefore, the distribution of 
arsenic and cadmium in SA 8 surface soil does not appear to be localized in "hot 
spotV areas. 

Terrestrial Plants. Risks for terres.trial plants are evaluated by comparing the 
selected phytotoxicity RTVs to the RME and central tendency exposure concentra- 
tions. The results of this comparison are summarized in Table 7-10. Phytotoxic- 
ity RTVs are not available for the herbicides, MCPA and MCPP. 

With the exception of aluminum, arsenic, chromium, silver, vanadium, and zinc, 
RME and central tendency exposure concentrations of all other surface soil ECPCs 
are well below their respective phytotoxicity benchmarks. 

The phytotoxicity RTVs used for al&@-, arsenic, chromium, silver, vanadium, 
and zinc were obtained from Will and Suter (1994) and were derived to represent 
the 10th percentile of the lowest observed effects,.-,concentrations (LOECs) for 
growth and yield endpoints. Because the number of aluminum; arsenic, chromium, 
silver, vanadium, and zinc studies included in the author's review was less than 

:flo, 

10 (n=l, n=8, n-7, n=l, n=2, and n-6), the phytotoxicity RTVs are equal to the 
minimum LOEC, and a confidence level of "low" was assigned by Will and Suter to 
these benchmarks. Furthermore, some of the plants used in the laboratory studies 
for chromium are particularly sensitive species (e.g., lettuce, tomato, oats, 
soybean); therefore, risks to wild plants at SA 8 that are potentially more 
tolerant may be overestimated. Will and Suter (1994) suggest that the derived 
benchmarks are a conservative means for estimating population- or community-level 
impacts. 

Although the RME (2,515 mg/kg) and central tendency (1,366 mg/kg) exposure 
concentrations of aluminum exceed the benchmark value of 50 mg/kg by two orders 
of magnitude, these exposure concentrations .are near the-background screening 
value for aluminum of 2,088 mg/kg. Therefore, it appears that detected 
concentrations of aluminum in SA 8 surface soil are not likely to be site 
related. 

The RME and central tendency exposure concentrations of arsenic, chromium, 
silver, vanadium, and zinc are well above their respective background screening 
concentrations and phytotoxicity RTVs. However, no observations of stressed 
vegetation were evident at SA 8 during the October 1997 ecological survey. 
Although exposure concentrations of these metals exceed the screening benchmark 
values, it is possible that terrestrial plants may not.be at riskbased onvisual 
observations. 

The results of the benchmark comparison, however, suggest that terrestrial plants , f-----? 
could potentially experience adverse growth and reproductive effects from 
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Table 7-10 
Summary of Ecological Risk for Plants and Invertebrates 

in Surface Soil at Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Exposure Point 
RTV 

Analyte Concentrations’ 

RME CT Plant2 Invertebrate2 

Semivolatile Organic Comeounds (mglkg) 

> 

RTV Exceeded?’ 
(by RME/by CT) 

Plant Invertebrate 

Acenaphthylene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Chrysene 

Di-n-butylphthalate 

Dibenz(a,h)anthracene 

Fluoranthene 

Indeno(l,2,3-cd)pyrene 

Phenanthrene 

Pyrene 

bis(2Ethylhexyl)phthalate 

Pesticides and PCBs (mglkg) 

4,4’-DDD 

4,4-DDE 

4,4’-DDT 

Aroclor-1260 

Endrin 

Heptachlor epoxide 

alpha-Chlordane 

gamma-Chlordane 

Herbicides (mglkg) 

2,4,5-TP (silvex) 

2,4,5-T 

24-D 

Dalapon 

Dichloroprop 

Dinoseb 

MCPA 

MCPP 

See notes at end of table. 

0.14 0.14 25 34 No/No No/No 

0.29 0.235 25 34 No/No No/No 

0.293 0.241 25 34 No/No No/No 

0.314 0.286 25 34 No/No No/No 

0.26 0.255 25 34 No/No No/No 

0.305 0.283 25 34 No/No No/No 

0.299 0.25 25 34 No/No No/No 

0.21 0.21 200 478 No/No No/No 

0.257 0.232 25 34 No/No No/No 

0.314 0.266 25 34 No/No No/No 

0.26 0.232 25 34 No/No No/No 

0.13 0.13 25 34 No/No No/No 

0.317 0.27 25 34 No/No Nlo/No 

0.27 0.224 1,000 478 No/No Nlo/No 

0.0146 0.0146 12.5 12 No/No Nlo/No 

0.101 0.0613 12.5 12 No/No No/No 

0.0701 0.0701 12.5 12 No/No NC/NO 

0.0546 0.0497 40 NA No/No NA/NA 

0.0049 0.0049 12.5 NA No/No NA/NA 

0.0037 0.0037 12.5 6.4 No/No No/No 

0.0909 0.0861 12.5 NA No/No NA/NA 

0.0708 0.0698 12.5 NA No/No NA/NA 

0.0019 

0.0024 

0.0091 

0.0182 

0.0149 

0.0066 

4.277 

33.52 8.24 NA NA ,. NA/NA NA/NA 

0.0021 

0.0025 

0.0117 

0.0203 

0.0171 

0.0066 

14.05 

4.75 

4.75 

4.75 

4.75 

4.75 

4.75 

NA 

10 

10 

10 

10 

10 

10 

NA 

No/No 

No/No 

No/No 

No/No 

No/No 

No/No 

NA/NA 

No/No 

No/No 

No/No 

No/No 

No/No 

No/No 

NA/NA 
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Table 7-10 (Continued) 
Summary of Ecological Risk for Plants and lnvqtebrates in Surface Soil at SA 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Analyte 

lnoraanic Analvtes (mglkg) 

Exposure Point RTV 
RTV Exceeded?3 

Concentrations’ @Y RWb CT) 

RME I CT Plant* Invertebrate’ Plant Invertebrate 
., . \,_ -^, ? I- : -1 I _i q/ ,a,-,;,; ) 

Aluminum 2,515 1,366 50 NA Yes/Yes NA/NA 

Antimony 1.2 1.2 5 NA No/No NA/NA 

Arsenic 25.3 12.2 10 100 Yes/Yes No/No 

Beryllium 0.12 0.11 10 NA No/No NAjNA 

Cadmium 3 1 3 50 No/No No/No 

Chromium 30 20.2 1 50 Yes/Yes No/No 

Copper 24.3 14.3 100 30 No/No No/No 

Lead 179 97 50 1,190 No/No No/No 

Manganese 94.6 38.4 500 NA No/No NA/NA 

Mercury 0.3 0.22 0.3 36 No/No No/No 

Selenium 0.85 0.79 1 NA No/No NA/NA 

Silver 20.3 8.8 2 NA Yes/Yes NA/NA 

Vanadium 5.6 3.2 2 NA Yes/Yes NA/NA 

Zinc 369 122 50 130 Yes/Yes Yes/No 

’ Exposure point concentrations (EPCs) are presentedin Table 7-l ?%*~R~E~EP&% equal to?% 
detected concentration and the 95 percent upper confidence limit on the log-transformed arithmetic mean. CT EPCs are 
equal to the arithmetic mean of all concentrations,, When the average is greater than the RME EPC, the maximum EPC is 
used. 
2 Plant and invertebrate RTVs are presented in Appendix G, Tables G-4 and G-5, respectively. Generally, the plant RTVS are 
the lowest observed effect concentration from among growth studies on plants in solid media, and invertebrate RTVs are 
the lowest concentration lethal to 50 percent of a test population (W-day soil test on Eisenia foetida) from among 
chemicals in the same chemical class (applies to organic compounds). A conservative factor of 0.2 was applied to 
invertebrate RTVs; the resultant value should be protective of 99.9 percent of the population from acute effects (Neuhauser 
et al., 1988). 
3 Comparison shown is RME EPC to RN/CT EPC to RTV. 

Notes: Shading indicates exceedances. 

RME = reasonable maximum exposure. 
CT = central tendency. 
RN = reference toxicity value. 
m&i = milligrams per kilogram. 
PCB = polychlorinated biphenyl. 
DDD = dichlorodiphenyldichloroethane. 
DDE = dichlorodiphenyldichloroethene. 
DDT = dichlorodiphenyltrichloroethane. 
NA = not available. 
2,4,5-TP = 2-(2,4&trichlorophenoxy) propionic acid. 
2,4,5-T = 2,4,5-trichlorophenoxyacetic acid. 
24-D = 2,4dichlorophenoxyacetic acid. 
dichloroprop = 2-(24dichlorophenoxy)propionic acid 
MCPA = (4chloro-2-methylphenoxy)acetic acid. 
MCPP = potassium (2-methyl+chlorophenoxy)propionate. 
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exposure to detected concentrations of aluminum, arsenic, chromium, silver, 
vanadium, and zinc in the surface soil at SA 8. Although benchmarks were 
exceeded for a number of inorganic constituents, no evidence of reduction in 
vegetative biomass was observed in the field at SA 8. Therefore, adverse impacts 
to small mammals/birds and other species of concern that rely on plant 
availability/biomass as a forage base are not expected to be likely. 

Terrestrial Invertebrates. Risks for terrestrial invertebrates are evaluated by 
comparing invertebrate toxicity benchmark values to RME and central tendency 
exposure concentrations of surface soil ECPCs. The results of this evaluation 
for SA 8 surface soil are also presented in Table 7-10. Invertebrate toxicity 
benchmark values are not available for Aroclor-1260, endrin, alpha-chlordane, 
gamma-chlordane, aluminum, antimony, beryllium, manganese, selenium, silver, 
vanadium, MCPA, and MCPP.*" 

With the exception of zinc, RME exposure concentrations of all ECPCs are well 
below the available invertebrate toxicity benchmark values. The RME exposure 
concentration of zinc (369 mg/kg) exceeds the invertebrate toxicity benchmark of 
130 mg/kg by less than a factor of 3; moreover, the central tendency exposure 
concentration of 122 mg/kg is less than the benchmark value. Although 
invertebrates may be slightly at risk from exposure to zinc, it is unlikely that 
invertebrate biomass and/or abundance would be reduced such that small mammal and 
bird populations would be affected at SA 8. 

7.1.5.2 Groundwater Potential risks associated with exposures to ECPCs in 
groundwater are discussed separately for aquatic receptors and terrestrial 
plants. 

Aquatic Receptors. Risks to aquatic receptors associated with exposure to 
groundwater ECPCs at SA 8 are evaluated based on the responses of C. dt.dia and 
P. promelas in site-specific groundwater toxicity tests and comparison of 
exposure concentrations to Florida Surface Water Quality Standards for Class III 
waters (Florida Legislature, 1996). 

As previously discussed in Paragraph 7.1.4.2, groundwater for toxicity testing 
was collected from two site-relatedwellpoints (OLD-08-13 andOLD-08-18) ILocated 
in the forested wetland area adjacent to Lake Baldwin and one reference 
monitoring microwell (OLD-08-16) located upgradient and east of SA 8 in the golf 
course. Detected concentrations of constituents in unfiltered groundwater 
collected from site-related well points are assumed to be representative of 
concentrations present in the surface water of Lake Baldwin. This assumption is 
considered as extremely conservative because it does not account for attenuation 
of constituent concentrations as groundwater is diluted in the surface water of 
Lake Baldwin. 

The results of the groundwater toxicity tests (Table 7-8) show no acute or 
chronic impacts to survival in C. dubia and P. promelas as compared to both the 
laboratory control and the upgradient reference sample. Although C. dubia and 
P. promelas exposed to groundwater collected frommonitoring well08G01301 showed 
a significant reduction (P less than 0.05) in reproduction and growth, 
respectively, as compared to the -concurrent laboratory control, no significant 
reduction was observed when compared to the upgradient reference sample 
(08G01601). Because there is no significant difference between the observed 
responses in site-related groundwater (08G01301 and 08GO1801) as compared to 
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groundwater from the upgradient reference sample (08G01601), and the laboratory 
controls were comparable for the fathead minnow growth test, it is unlikely that .n 
survival and maintenance of fish populations in Lake Baldwin would be impacted. 
However, further examination of the water flea toxicity testing results show that 
a number of water flea neonates in sample 08G01301 were born dead. Therefore, 
it is possible that reproductive effects to water-column invertebrate populations 
in Lake Baldwin may occur. 

Table 7-11 provides a comparison of groundwater ECPC exposure concentrations at 
site-related well points OLD-08-13 and OLD-08-18 and the upgradient microwell 
OLD-08-16 to Florida Surface Water Quality Standards for Class III waters 
(Florida Legislature, 1996). Surface water quality standards are not available 
for barium and cobalt. Pesticides, PCBs, and herbicides were not sampled in the 
upgradient reference microwell or well point OLD-08-18; therefore, it is not 
possible to qualitatively evaluate differences in upgradient and site-related 
concentrations of these constituents. With the exception of MCPA and arsenic, 
detected concentrations of analytes in the site-relatedwells are also less than 
the available Florida benchmark values. The detected concentration of MCPA in 
monitoring well 08G01301 exceeds is Florida benchmark value by approximately one 
order of magnitude. The detected concentration of arsenic in monitoring well 
08G01401 of 0.0882 mg/l slightly exceeds the Florida Surface Water Quality 
Standard of 0.05 mg/L. Because the results of the toxicity test indicate 
potential reproductive effects to water fleas in sample 08G01301 and detected 
concentrations of MCPA and arsenic in sample 08G01301 exceed their respective 
screening values, it is possible that groundwater discharge to the surface water 
of Lake Baldwin adjacent to SA 8 may pose a sublethal risk to aquatic receptors, 
specifically invertebrates in the water column. ,ch 

Terrestrial Plants. Risks for terrestrial plants were evaluated by comparing 
selected phytotoxicity benchmarks to expos‘irre concentrations in groundwater. 
Because the roots of terrestrial plants in the wetland forested area adjacent to 
SA 8 are in direct contact with groundwater, analytical data from monitoring 
wells in the forested wetland area were used to evaluate potential risks to 
terrestrial and wetland plants. Detected concentrations of groundwater ECPCs in 
samples 08G01301, 08G01401, 08G01501, and 08G01801 were used to establish 
exposure concentrations (Figure 2-3). Comparison of groundwater exposure 
concentrations at SA 8 to selected phytotoxicity benchmarks is provided in Table 
7-12. Phytotoxicity values are not available for 4,4'-DDT, dieldrin, endrin, 
endrin aldehyde, delta-BHC, and barium. 

The results of the evaluation indicate that detected concentrations of arsenic 
in groundwater at samples 08G01301, 08G01401, 08G01501, and 08G01801 exceed its 
respective plant RTV. The exposure concentrations of all other analytes are less 
than the plant RTVs, indicating that adverse effects to plants exposed to these 
analytes are not likely to occur. It should be noted that no observable signs 
of stress to vegetation in the forested wetland area were observed by HLA 
personnel during the October 1997 ecological survey. It should also be noted 
that the confidence level assigned to the arsenic solution benchmark value of 
0.001 mg/R is low because there are less than 19 values,,,and a limited varie,ty of 
plant species tested (Will and Suter, 1994). The results of' the-"comparison 
suggest that the growth and yield of terrestrial and wetland,plants in the 
forested wetland area adjacent to SA 8 may be reduced due to exposure to arsenic 
in the groundwater. .f-x 
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Table 7-l 1 
Risks for Aqu&ic Receptors Exposed to 

Study Area 8 Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida _(, 

Groundwater Concentrations florida Class Ill Florida Water 
Fresh Water Quality 

08G01301* 08G018012 08G016013 
Quality Standards’ Standard 

(msl~) Exceeded? 

ND NS NS NA ND 

ND NS NS NA ND 

ND NS NS NA ND 

ND NS NS NA IND 

06000051 NS NS 5o.1 No 

090016 NS NS 60.063 No 

0.00031 NS NS 80.063 No 

ND NS NS 8o.O63 No 

0.0004 . NS NS 60.063 No 

ND NS NS 80.063 No 

0.66 NS NS 6O.O63 Yes 

ND NS NS eo.063 No 

0.0882 0.0031 0.0039 0.05 Yes 

0.0421 0.0121 0.0277 NA NA 

0.0019 ND 0.0019 NA NA 

0.0055 ND ND 0.012 NO 

0.447 0.55 0.58 1.0 INo 

0.0032 ND ND 0.0032 INo 

0.148 ND 0.164 _. .Y,v , _ L., ,i).. INo I 

Groundwater ECPC’ 

Pesticides and PCBs (mall) 

4,4’-DDT 

Dieldrin 

Endrin 

Endrin aldehyde 

delta-BHC 

Herbicides (mg/L 1 

24-D 

2,4-DB 

Dalapon 

Dichloroprop 

Dinoseb 

MCPA 

MCPP 

Inoruanic Analvtes (mg/L) 

Arsenic 

Barium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

’ Groundwater ECPCs are selected in Table 7-2. 
’ Site-related monitoring wells. 
3 Upgradient reference monitoring well. 
4 florida Department of Environmental Protection, Chapter 62-302 and 62-785, Surface Water Quality Standards (Fforida 
Legislature, 1996). 
5 Value for delta-BHC is based on an acute Lowest Observed Effect Level. 
’ Value for 2,4,5-TP (silvex) used as a surrogate. 

Notes: ECPC = ecological chemical of potential concern. 
mg/O = milligram per liter. 
PCB = polychlorinated biphenyl. 
DDT = dichlorodiphenyltrichloroethane. 
ND = not detected. 
NS = not sampled. 
NA = not available. 
BHC = hexachlorobenzene. 

2,4-D = 24dichlorophenoxyacetic acid. 
2,4-DB = 2&dichlorophenoxybutyric acid. 
dichloroprop = 2-(2,edichlorophenoxy)propionic acid. 
MCPA = (4-chloro-2-methylphenoxy)acetic acid. 
MCPP = potassium (2-methy& 

chlorophenoxy)propionate. 
2,4,5-TP = 2-(2,4,5trichlorophenoxy) propionic acid. 

,. L 

NTC-RIFS.OlJ3 

PMw.05.99 743 



Table 7-12 
Risks for Plants Exposed to Study Area 8 Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

. 
Groundwater Concentrations Plant RN 

(in solution)4 
Plant RN 

08G013012 0aG014012 OaGo1501 2 0aGoiaois 0-d~) 
Exceeded? 

,. I~. ,.. f - ““I 

Groundwater ECPC’ 

Pesticides and PCBs (mglf I 

4,4’-DDT 

Dieldrin 

Endrin 

Endrin aldehyde 

delta-BHC 

Herbicides (mglf J 

24-D 

2,4-DB 

Dalapon 

Dichloroprop 

Dinoseb 

MCPA 

MCPP 

lnoraanic Analvtes (mgll) 

Arsenic 

Barium 

Cobalt 

Copper 

Iron 

Lead 

ND ND ND NS NA ND 

ND ND ND NS NA ND 

ND ND ND NS NA ND 

ND ND ND NS NA ND 

0.0000051 ND O.OOOOO77 NS NA NA 

0.00016 

0.00031 

ND 

0.0004 

ND 

0.66 

ND 

ND 

ND 

0.0014 

0.00014 

ND 

0.06 

0.2 

0.0071 

0.0392 

0.0023 

0.0095 

1.73 

0.0031 

0.172 

0.00016 NS 

0.00029 NS 

ND NS 

ND NS 

ND NS 

1.2 NS 

ND NS 

100 

100 

100 

100 

100 

100 

100 

No 

No 

No 

No 

No 

No 

No 

0.0882 

0.0421 

0.0019 

0.0055 

0.447 

0.0032 

0.148 

0.0022 0.0031 0.001 Yes 

0.0216 0.0121 NA NA 

0.0012 ND 0.06 No 

0.0083 ND 0.03 No 

0.498 0.55 10 No 

0.0023 ND 0.02 No 

0.0729 ND 4 No Manganese 

’ Groundwater ECPCs are selected in Table 7-3. *” ’ ~ ’ * ‘-’ -’ 
2 Site-related monitoring wells located in forested wetland area adjacent to Study Area 6. 
3 Upgradient reference monitoring well. 
4 Plant RTVs in solution are presented in Appendix G, Table G-4. Generally, plant FIT% are the lowest observed 
concentration level from plant growth studies conducted in solution. 

Notes: ECPC = ecological chemical of potential concern. 
WV = reference toxicity value. 
mg/O = milligram per liter. 
PCB = polychlorinated biphenyl. 
DDT = dichlorodiphenyltrichloroethane. 
ND = not detected. 
NS = not sampled. 
NA = not available. 
BHC = hexachlorobenzene . 
2,4-D = 2,4dichlorophenoxyacetic acid. 
2,4-DB = 2,4-dichlorophenoxybutyric acid. 
dichloroprop = 2-(2,edichlorophenoxy)propionic acid. 
MCPA = (4-chloro-2-methylphenoxy)acetic acid. 
MCPP = potassium (2-methyl4-chlorophenoxy)propionate. 
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7.1.6 Uncertainty Analysis The objective of the uncertainty analysis is to 
discuss the assumptions of the ERA process that may influence the risk assessment 
results and co&zlusions. General uncertainties inherent in the risk assessment 
process and in the OU 3 ERA are included in Table 7-13. 

Specific uncertainties associated with exposure to surface soil and groundwater 
at SA 8 include the following: 

. Risks to avian species may have been underestimated because bioaccumu- 
lation and toxicity data for this taxonomic group are generally lacking 
in the literature. As a result, potential risks associated with 
several ECPCs were not evaluated for avian species. If the toxicologi- 
cal and contaminant transport data obtained from studies conducted on 
mammals were used to estimate risks to avian species, then risk 
estimates for birds wouldbe higher. However, there is also uncertain- 
ty in assuming that the metabolic functions of mammals and birds are 
similar enough to use inter-taxonomic surrogates. 

. Risks to adult amphibians and reptiles species were not estimated for 
surface soil ECPCs because bioaccumulation and toxicity data for this 
taxonomic group are generally lacking in the literature. As a result, 
potential risks associated with ECPCs are uncertain for these species. 
Intertaxonomic surrogates were not used to calculate dietary risks to 
reptiles because of the uncertainty associated with extrapolation of 
data from endothermic to essentially ectothermic species. 

. Site-specific toxicity data for SA 8 surface soil is not available. 
Phytotoxicity and invertebrate benchmark values used in the risk 
assessment were designed for risk screening purposes only and may not 
be relevant to the specific conditions of the surface soil at SA 8. 
The conservative nature of these screening tools may overestimate the 
actual risk to terrestrial plants and invertebrates at SA 8. However, 
invertebrate benchmark values for several analytes are not available, 
potentially resulting in an underestimation of risk for terrestrial 
invertebrates. 

. The assumption that groundwater concentrations in wells adjacent to 
Lake Baldwin are representative of surface water may undler- or 
overestimate exposure concentrations depending on actual surface water 
conditions. 

. Terrestrial invertebrate exposures to groundwater that is at or near 
the ground surface (i.e'. , within 1 foot during high groundwater 
periods) were not evaluated; therefore, risks to terrestrial inverte- 
brates may have been underestimated. However, terrestrial inverte- 
brates are most likely repelledby saturated conditions and probably do 
not inhabit these areas. 

. An assumption is made that organisms evaluated in the groundwater 
toxicity tests are as sensitive or more sensitive than organisms at the 
site. 

. The BAFs from soil to small mammals for DDT, DDD, and DDE were obtained 
from a study based on whole body and stomach contents of shrews and 
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tions.” Concentrations will tend to decrease over time from 
degradation and the formation of daughter products. 

Risk was not calculated for potential exposure to TICS. 

Using estimated data in the risk assessment may over- or . . .- . ___ 
under-estimate the actual concentration of an analyte in 
site media: therefore, risks may also be over- or under- 
estimated. 

Degradation of chemicals not consid- 
ered 

Overestimate 

No evaluation of TIC data 

Use of estimated data 

Underestimate 

Unknown 

Uncerteinties Associated with ExDoeure Assessment 
/ 1 . . ““, - *. ,L .“” >“< .- *a% P._ar hi vi ic,p%P*nxc 

Food chain assumed to occur at site Unknown 

Food chain model exposure parameter 
assumptions 

Unknown 

Uncertain occurrence of receptors at 
sites 

Assumption that receptor species will 
spend equal time at all habitats within 
home range 

Extrapolation of literature values from 
test species to representative wildlife 
species 

Consumption of contaminated prey 

Limited evaluation of dermal or inhala- 
tion exposure pathways 

Maximum exposure scenarios 

Unknown 

Unknown 

Unknown 

Unknown 

Underestimate 

Overestimate lt.is unlikely any receptor would be exposed concurrently tc 
maximum concentrations of all ECPCs. 

Occurrence of the fo&!i’%&l %ed%%%’ models at the 
sites is‘unknotin. 

Some exposure parameters are from the literature and 
some are estimated. Efforts were made to select exposure 
parameters representative of a variety of species or feeding 
guilds, so that exposure estimates would be representative 
of more than a single species. 

Actual occurrence at the sites by receptors considered in 
the food chain models is uncertain. 

Organisms will spend varying amounts of time in differenl 
habitats, thus affecting their overall exposures. 

Species differ with respect to absorption, metabolism, 
distribution, and excretion of chemicals. The magnitude 
and direction of the difference will vary with each chemical, 

Toxicity to receptors may result in sickness or mortality 
thus making fewer prey items available to predators 
Predators may stop foraging in areas with reduced prey 
populations, or discriminate against, or, conversely, seleci 
contaminated prey. 

The dermal and inhalation exposure pathways are generalI\ 
considered insignificant due to protective fur, feathers 
chitinous exoskeletons, and the low concentration 0‘ 
contaminants under natural atmospheric conditions 
However, under certain conditions, these exposure path 
ways may occur. 

,-., 
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Table 7-13 (Continued) 
Potential Sources of Uncertainty in Ecological Risk Assessment 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center, Orlando 
qr!ando, florida 

Potential Source Direction of Effect 

Uncertainties Associeted with EXDOSUW Aeseesment (Continued) 

Justification 

BAF estimation 

Continuous uptake and bioaccumulation 
of ECPCs by soil biota 

Bioaccumulation of ECPCs in leafy 
portions of plants 

Unknown 

Unknown 

Overestimate 

As many literature values were not available for some 
species and analytes, alternate BAFs were derived using 
other assumptions or regressions (Table 7-7 lists the ratio- 
nale for the generation of alternate BAFs). 

Tissue and organ responses to ECPC uptake were repre- 
sented by a linear function that is an oversimplification of a 
more complex system (i.e., trophic states and lipid concen- 
trations may affect bioaccumulation, or contaminants may 
only be seasonally available). 

Ryan et al. (1988) states that compounds with log yWs > 5 
are unavailable to plants due to soil sorption. Compounds 
with log y,s > 5 will be taken into the roots of plants, but 
are not easily transported into the leafy parts of plants 
(Briggs et al., 1982; 1983). The surface soil ingestion expo- 
sure model overestimates ECPC exposure via plant ingestion 
to those receptors that only eat the leafy portions of plants. 

Relative uptake of inorganics by different Unknown Estimated plant BAFs for certain inorganics were based on 
plant species BAF data for leafy produce grown in sewage sludge. Varia- . . . 

bility in type of plant and substrate may make the chosen 
BAF values an overestimate or underestimate of actual 
uptake. 

Uncerteinties Associeted with Effects 

Lack of ingestion toxicity information for 
reptile species 

Unknown Information is not available on the toxicity of contaminants to 
reptilian species resulting from dietary or oral exposures: as 
a result, dietary exposures to reptiles were not quantitatively 
evaluated in the OU 3 ERAs. Assuming the toxicities of 
analytes to mammals and birds are similar for relptiles, and 
to the extent that the dietary exposures for reptiles are the 
same as for the tertiary consumers evaluated in the OU 3 
ERAs, an assumption can be made that dietary exposures to 
reptiles would result in similar risk-levels that were predicted 
for predatory mammals and birds. However, risks to reptiles 
remain unknown. 

Use of measurement endpoints Overestimate Although an attempt was made to have measurernent end- 
points reflect assessment endpoints, limited available eco- 
toxicological literature resulted in the selection of certain 
measurement endpoints that may overestimate arrsessment 
endpoints. 

See notes at end of table. 
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Table 7-13 (Continued) 
Potential Sources of Uncertainty in Ecological Risk Assessment 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center, Orlando 
Orlando, Florida 

Potential Source Direction of Effect Justification 

_ 
.-_\3. i.. I ,z., 

Uncertainties Associated with Risk Characterization 
_ _ ,_ _ . _ ^a*“* 

Risk evaluated for individual terrestrial re- 
ceptors only 

Overestimate Effects on individual terrestrial organisms may occur with 
little population or community level effects. However, as 
the number of affected individuals increases, the likeli- 
hood of population-level effects increases. 

Effect of decreased prey item populations 
on predatory receptors 

Unknown Adverse population effects to prey items may reduce the 
foraging population for predatory receptors, but may not 
necessarily adversely impact the population of predatory 
species. 

Multiple conservative assumptions Overestimate Cumulative impact of multiple conservative assumptions 
yields high risk to ecological receptors, and may result in 
risk at background concentrations or the prediction of 
risks when there is no potential for adverse effects. 

Summation of effects (HIS) Unknown 

Notes: CPC = chemical of p&e&al &&em. ‘*‘-’ 
il., 

ECPC = ecological chemical of potential concern. 
BAF = bioaccumulation factor. 
K,,,s = octanol water partitioning coefficient. 
> = greater than. 
OU = operable unit. 

The assumption that effects are additive ignores potential 
synergistic or antagonistic effects. lt assumes similarity in 
mechanism of action, which is not the case for many 
substances. Compounds may induce toxic effects in 
different organs or systems. 

(\ I _ ” :,a G&k&. J&i& 

ERA = ecological risk assessment. 
HI = hazard index. 
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voles. These values may be under- or overestimated depending on site 
conditions. 

. There is uncertainty associated with the ingestion toxicity data 
derived from the IRIS and Registry of Toxic Effects of Chemical 
Substances (RTECS) database. The IRIS and RTECS data were obtained in 
1993 and 1995, respectively, and the primary literature citation was 
not provided; therefore the primary literature for these studies was 
not reviewed. This may have resulted in the selection of RTVs that may 
over- or under-estimate potential risks to wildlife receptors. RTVs 
for 4,4'-DDT and heptachlor epoxide were obtained from IRIS, and RTVs 
for bis(2-ethylhexyl)phthalate, phenanthrene, pyrene, 4,4'-DDE., 4,4'- 
DDT, arsenic, cadmium, selenium, and zinc were obtained from RTECS. 

. As previously discussed in Section 4.4, the results of the arsenic 
speciation data indicate that arsenic in surface soil and groundwater 
at SA 8 exist primarily in the trivalent rather than the pentavalent 
form. In general, the trivalent species of arsenic is more toxic than 
the pentavalent species. Because RTVs for arsenic were based on the 
more toxic trivalent form of arsenic, it is believed that the predicted 
risks associated with exposure to arsenic are accurate for the SA. 

. Phytotoxicity and invertebrate benchmarkvalues are unavailable :for the 
herbicides MCPA and MCPP. If the phytotoxicity and invertebrate 
benchmark values for 2,4-D are used as surrogate benchmark values, then 
exposure concentrations of MCPA and MCPP in surface soil at SA 8 exceed 
their respective surrogate values. If the toxicity of MCPA and MCPP is 
similar to that of 2,4-D, risks associated with terrestrial plant and 
soil invertebrate exposures to MCPA and MCPP in surface soil at SA 8 
may be underestimated. 

7.1.7 Summary of Ecological Assessment for Studv Area 8 Potential risks for 
ecological receptors were evaluated for ECPCs in surface soil and groundwater at 
SA 8. The results of the ERA for SA 8 are summarized in Table 7-14. 

Risks associated with exposures to ECPCs in SA 8 surface soil were evaluated for 
terrestrial wildlife based on a model that estimates the amount of contaminant 
exposure obtained via the diet and incidental ingestion of surface soil. 
Comparison of estimated doses for wildlife species with reference toxicity doses 
representing thresholds for lethal and sublethal effects is the basis of wildlife 
risk evaluation. Lethal risks were not identified for terrestrial wildlife 
resulting from exposure to ECPCs in surface soil; therefore, reductions in the 
survivability of wildlife receptor populations at SA 8 is not expected to occur. 
Sublethal risks (i.e., potential reductions in the reproduction and growth) 
associated with ingestion of arsenic and cadmium in surface soil and food items 
are predicted for small herbivorous mammals at SA 8. In addition, sublethal 
risks associated with ingestion of cadmium in soil and related food items are 
predicted for insectivorous birds at SA 8. 

Reduction in terrestrial plant and soil invertebrate biomass used as forage 
material was evaluatedby comparing exposure concentrations for surface soil with 
toxicity benchmarks. Based on this comparison, terrestrial plants could 
potentially experience adverse growth and reproduction effects from exposure to 
detected concentrations of aluminum, arsenic, chromium, silver, vanadium, and 
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Table 7-14 
Summary of Ecological Risk Assessment Results for Study Area 8 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Media Receptor I Assessment Endpoint I Risks Predicted? I Primary Risk Drivers 

Surface Soil Terrestrial wildlife 

Terrestrial plants 

Terrestrial invertebrates 

Groundwater Terrestrial and wetland plants 

Aquatic receptors 

Survival, reproduction, and 
growth of herbivorous mammal 
and omnivorous, insectivorous, 
and carnivorous bird populations. 

Reduction in the biomass of 
terrestrial plants used as forage 
material. 

Reduction in the abundance of 
earthworms used as forage ma- 
terial. 

Reduction in the growth and 
yield of terrestrial and wetland 
plant populations. 

Survival, reproduction, and 
growth of fish and macro-inver- 
tebrate populations. 

No lethal risks predicted. Sublethal 
risks predicted for small herbivorous 
mammal and insectivorous bird 
populations. 

Arsenic and cadmium 

Potential risks predicted based on 
exceedance of benchmark values. 
However, no evidence of stressed 
vegetation was observed. 

Aluminum, arsenic, chromium, 
silver, vanadium, and zinc 

No NA 

Potential risks predicted based on 
.exceedance of benchmark values. 
However, no evidence of stressed 
vegetation was observed. 

.Sublethal risks predicted for aquatic 
-invertebrates in Lake 6atdwin based 
on the results of the toxicity tests 
and exceedance of benchmark val- 
ues from groundwater at monitoring 
well 08G01301 

Arsenic 

Arsenic and MCPA 

I Note: NA = not applicable. 
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zinc in the surface soil at SA 8. "Although phytotoxicity benchmarks were 
exceeded for these inorganic constituents, no evidence of reduction in vegetative 
biomass was observed in the field at SA 8. Therefore, impacts to small mammals 
and birds that rely on plant biomass as a forage base are unlikely. The results 
of the invertebrate benchmark comparison indicate that it is unlike:Ly that 
invertebrate biomass and/or abundance would be reduced such that small mammal and 
bird populations would be affected at SA 8. 

Potential risks associated with exposures to ECPCs in SA 8 groundwater were 
evaluated for terrestrial plants in the forested wetland area and for aquatic 
receptors in Lake Baldwin. 

Risks to aquatic receptors associatedwith exposure to groundwaterwere evaluated 
based on the responses of the water flea (C. dubia) and the fathead minnow (P. 
promelas) in site-specific groundwater toxicity tests, as well as on a comparison 
of groundwater exposure concentrations to Florida Surface Water Quality Standards 
for Class III waters (Florida Legislature, 1996). The results of the groundwater 
toxicity tests show no significant reduction (P<O.O5) in survival of test species 
exposed to site-related groundwater as compared to the groundwater collected from 
the upgradient reference sample. However, water fleas exposed to groundwater 
from 08G01301 showed a significant reduction in reproduction and growth as 
compared to the laboratory control. In addition, detected concentrations of MCPA 
and arsenic in groundwater from monitoring well 08G01301 exceeded their 
respective Florida Surface Water Quality Standards. Therefore, it is possible 
that groundwater discharge to the surface water of Lake Baldwin adjacent to SA 
8 may pose an unacceptable sublethal risk to aquatic receptors, specifically 
invertebrates in the water column. Risks for terrestrial and wetland plants were 
evaluatedby comparing selected phytotoxicity benchmarks in solution to exposure 
concentrations in groundwater. The results of this comparison suggest that the 
growth and yield of terrestrial and wetland plants in the forested wetland area 
adjacent to SA 8 may be reduced due to exposure to arsenic in groundwater. 

7.2 STUDY AREA 9. The SA 9 ERA was completed in a manner similar to the SA 8 
ERA. 

7.2.1 Screeniw-Level Problem Formulation As previously stated in Sub,section 
7.1.1, the screening-level problem formulation is the first step of the ERA 
process, whereby ecological receptors, contaminants of concern, exposure 
pathways, and assessment and measurement endpoints are selected for evaluation 
based on the results of the site characterization. The screening-level ;problem 
formulation for SA 9 includes a description of the environmental setting 
(Paragraph 7.2.1.1), selection of ECPCs (Paragraph 7.2.1.2), contaminant fate and 
transport mechanisms (Paragraph 7.2.1.3), mechanisms of ecotoxicity asslociated 
with ECPCs (Paragraph 7.2.1.4), likely categories of receptors that could be 
affected (Paragraph 7.2.1.5), identification of exposure pathways (Paragraph 
7.2.1.6), and selection of endpoints to screen for ecological risk (Pa,ragraph 
7.2.1.7). 

7.2.1.1 Environmental Setting SA 9, the Former Pesticide Handling and lStorage 
Area, is south of Trident Lane, at the southern end of the golf course, and 
southeast of Lake Baldwin. As previously described in Subsection 2.6.4, HLA 
ecologists visited SA 9 in October 1997 to characterize the habitats that exist 
at the site and determine appropriate ecological receptors to support tlhe ERA. 
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HLA ecologists walked along transects through the site identifying characteristic 
flora and fauna for each habitat. 

The discussion of the environmental setting is divided into four subparagraphs 
which include characterizations of the vegetative cover, wildlife habitat, 
aquatic habitat, and a summary of rare, endangered, or commercially exploited 
species that may be potentially found at SA 9. A discussion of the ecological 
setting at SA 9 is also provided in Section 3.8. 

Vegetative Cover. Vegetative communities identified at SA 9 include a maintained 
grass field and a forested wetland area. A vegetative cover map of SA 9 is 
provided on Figure 3-11. The entire area encompassing the maintained field and 
the wooded area is approximately 1.25 acres in size. The maintained grass field 
is bordered by drainage swales on the south and east sides of the site. This 
area is expected to provide limited habitat for ecological receptors other than 
small mammals and birds. The area north of Trident Lane also contains a large 
area of maintained grass with (Pinus palustris), cabbage 
palmetto, and Brazilian pepper trees. There is no evidence of stressed 
vegetation. 

A palustrine wetland forest is located north of SA 9 and southeast of Lake 
Baldwin. This wetland area, which was delineated by a representative from FDEP 
(Central District Office) on October 6, 1997, is best characterized as a 
palustrine broad-leaved deciduous wetland, forest. The forested wetland is 
classified as broad-leaved deciduous based on dominance by deciduous red maple 
trees (Acer rubrum). The evergreen bays, which are common to SA 8, are not as 
prevalent in the wetland forest associated with SA 9. Other dominant species 
include black willow (S&ix nigra), elderberry, and pond pine in the canopy and 

.T 

ludwigia and wild toro in the understory. No emergent or aquatic bed vegetative 
communities were observed in Lake Baldwin adjacent to the forested wetland area. 

Wildlife Habitat Characterization. The wildlife habitat at SA 9 is very similar 
to the habitat found at SA 8; many or all of the same organisms may be expected 
to be found at these two sites. Few signs of animal life were observed by HLA 
ecologists during the October 1997 ecological survey; however, a flock of white 
ibis (Eudocimus albus) was observed foraging in the excavated area of the 
maintained grassy field. As previously mentioned, an osprey nest was also 
observed adjacent to Lake Baldwin, approximately halfway between SA 8 and SA 9. 

Aquatic Habitat. As previously described in Subsection 3.8.2, aquatic habitat 
in the vicinity of SA 9 is located in Lake Baldwin, which is approximately 100 
feet east of SA 9. A description of Lake Baldwin including potential aquatic 
receptors is provided in Paragraph 7.1.1.1 as part of the environmental setting 
for SA 8. In addition to Lake Baldwin, shallow drainage swales are also present 
along the south and east border of SA 9. The swales are narrow (i.e., generally 
2 feet wide and 1 foot deep) grassy depressions. The eastern drainage swale 
crosses under Trident Lane and continues into the wooded wetland area bordering 
Lake Baldwin. The drainage pathway for the swales empties into the forested 
wetland area adjacent to Lake Baldwin. These swales are not expected to provide 
habitat to aquatic receptors because they are dry during most of the year and 
only contain water during heavy rainstorms. 

Rare, Endangered, and Threatened Species. Although gopher tortoise burrows have r-+% 
been observed at the golf course on the Main Base, none have been observed at SA 
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9. It is possible, however, 
:: ___ ~&> ,..q*, 5;s ,p;< it > ,? 

that the$orested wetland area adjacent to SA 9 may 
provide suitable habitat for a variety of federally or State-listed species. A 
discussion of rare, threatened, endangered, or commercially exploited species 
that may occur at NTC, Orlando is presented in Subsection 3.8.3 and summarized 
in Table 3-3. 

7.2.1.2 Selection of ECPCs The identification of ECPCs includes a review of 
analytical data and selection of ECPCs. The process for selecting ECPCs is 
depicted on Figure 7-1. Details regarding the ECPC selection process is provided 
in Paragraph 7.1.1.2. Analytical data for SA 9 were evaluated to determine their 
validity for use in risk assessment pursuant to national guidance, Guidance for 
Data Useability in Risk Assessment (Parts A and B) (USEPA, 1992a). 

The site-specific background study used to establish background screening values 
for OU 3 surface soil and groundwater is discussed in Paragraph 7.1.1.2. 

Surface Soil. Thirty-two surface soil samples (OSSOOSOO through 09802800 and 
09802901through09803601with duplicates at09S00500D, 09S01800D, and09S02901D) 
were collected at SA 9 (Figure 2-2). Samples 09SOOSOO through 09802800 were 
collected in November 1997, and samples 09802901through 09803601were collected 
in February 1998. With the exception of samples 09S02901through 09803601, which 
were not analyzed for SVOCs, and samples 09802901 and 09SO3101 through 09803601, 
which were not analyzed for herbicides, the remaining surface soil samples at SA 
9 were analyzed for SVOCs, pesticides and PCBs, inorganic constituents, and 
herbicides. 

. . . 
As shown in Table 7-15, ECPCs selected for the surface soil samples collected at 
SA 9 include 2 SVOCs, 5 pesticihes/PCBs, 10 inorganic constituents, and 7 
herbicides. 

Groundwater. Unfiltered groundwater data were used to screen potential 
ecological risks. Groundwater was collected from 18 wells (OLD-09-01 ,through 
OLD-09-18 with duplicates at OLD-09-02, OLD-09-14, and OLD-09-18). W-:ith the 
exception of two samples (09G01701 and 09G01801), groundwater was analyzed for 
svocs, pesticides and PCBs, inorganic constituents, and herbicides. Only 
inorganic constituents and herbicides were analyzed in samples 09G01701 and 
09G01801. 

As shown in Table 7-16, ECPCs selected for the unfiltered groundwater samples 
collected at SA 9 include 5 SVOCs, 11 pesticides/PCBs, 8'inorganic constituents, 
and 7 herbicides. 

7.2.1.3 Contaminant Fate and Transport Mechanisms Pesticides andherbicides are 
known to have been historically stored and handled at SA 9. Based on information 
from previous investigations, direct spillage or disposal of pesticides and 
herbicides on the ground surface at SA 9 were the most likely mechanisms for 
introducing contaminants into the environment. Contaminants include pesticide 
and herbicide compounds inboth dry and liquid forms, and likely include solvents 
or other carriers used in creating application mixtures. Full-strength solid or 
liquid compounds may have been released through direct spills from equipmient and 
storage containers prior to or during mixing, or during cleanup of equipmlent and 
containers. Diluted compounds couldhave been released through equipment rinsing 
and mixing. Given the proximity of SA 9 to the golf course and the amount of 
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Table 7-15 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Frequency Reporting Detected Average Background Ecological 
Chemical 

Average 
Exposure Point 

Analyte of Limit Concentration of Detected Screening Screening 
of 95% 

Ecological UCL’ 
of All 

Concentration 

Detection’ Range Range’ Concentrations3 Concentration4 Value5 Concern’ 
Samples’ RME* CT” 

;emivdatile Organic Compounds @g/kg)” 

!-Methylnaphthalene l/24 IO to 580 77 to 77 77 ND NA Yes 296 178 77 77 

Lnzo(b)fluoranthene l/24 IO to 580 58 to 58 58 ND NA No12 

knzo(k)fluoranthene l/24 IO to 580 60 to 60 60 ND NA No” 

Ii-n-octylphthalate l/24 340 to 580 * It01 1 ND NA No12 
Woranthene l/24 10 to 580 30 to 30 30 ND 100 No’2,13 

)yrene 4/24 10 to 580 36 to 78 50 ND 100 No-,‘” 

)is(2-Ethylhexyl)phthalate 6124 340 to 580 3to220 121 ND NA Yes 347 178 220 178 

%stickies and PCBs @g/kg) 

I,4‘-DDD 18132 3.4 to 1,100 1.45* to 17,500* 1,518 ND loo Yes 3,103 855 3,103 855 

I,4’-DDE 30132 3.4 to i,ioo 0.22 to 855* 94.7 71 100 Yes 446 88.8 446 88.8 

lP’-DDT 28132 3.4 to 1,100 0.43 to 7,800* 345 26.9 100 Yes 369 302 369 302 

Iieldrin 16132 3.4 to 440 0.15 to 17 4.3 95 v.YJ No” 

!ndosulfan II 4/32 3.4 to 440 0.098 to 7 2.6 ‘ND 100 No’~ 

Endosulfan sulfate 2132 3.4 to 440 0.28 to 1.2 0.74 ND 100 No= 

!ndrin 13132 3.4 to 440 0.24 to 54 7.3 ND 100 No- 

Indrin aldehyde 6132 3.4 to 440 0.11 to 1.3 0.45 ND 100 No= 

Zndrin ketone 2,‘32 3.4 to 440 1.075* to 1.4 1.2 ND 100 No- 

ieptachlor 3132 1.8 to 230 0.12 to 2.3 1.2 ND 100 No” 

ieptachlor epoxide 14132 1.8 to 230 0.052 to 29 5.3 ND 100 No’” 

see notes at end of table. 



Table 7-15 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Frequency Reporting Detected Average Background Ecological 
Chemical Exposure Point 

Analyte of Concentration of Detected Screening Screening of 95% 
Average 

Limit Range of All 
Concentration 

Detection’ Range’ Concentrations3 Concentration’ Value’ 
Ecological UCL’ 
Concern’ 

samples’ RMEg CT’0 

%x&ides and PCBs @g/kg) (Continued) 

Vlethoxychlor 2132 18 to 2,300 1.9 to 2.2 2.1 ND 100 No13 

lipha-BHC l/32 1.8 to 230 0.52 to 0.52 0.52 ND 100 No13 

alpha-Chlordane 31/32 1.8 to 570 0.43 to 4,600* 389 7.5 100 Yes 6,836 377 4,600 377 

jeta-BHC . 3132 1.8 to 230 0.18 to 0.51 0.3 ND 100 No13 

delta-BHC l/32 1.8 to 230 5.4 to 5.4 5.4 ND loo No” 

Jamma-BHC (Lindane) 4/32 1.8 to 400 0.46 to 73.5* 18.7 ND 100 No= 

Tamma-Chlordane 25/32 1.8 to 570 0.086 to 5,100* 501 5.2 100 Yes 15,678 391 5,100 391 

ierbicidas (Irg/kgJ14 

!,4,5TP (silvex) l/25 2.1 to 10.5 1,7 to 1.7 1.7 ND NA No’* 

1,4,5-T l/25 2.6 to 13 3.8 to 3.8 3.8 ND NA No” 

!,4-D 21 f25 5.3 to 26 0.076 to 24 9.7 ND NA Yes 26.6 9 24 9 

!/l-DE 18/25 26 to 130 2.4 to 86 15.7 ND NA Yes 23.1 17.4 23.1 17.4 

Ialapon t/25 18.65 to 130 62 to 62 62 ND NA Yes 21.1 18.3 21.1 18.3 

licamba l/25 2.6 to 13 85to85 85 ND NA No” 

Xchloroprop 3125 8.2 to 52 22 to 66 38.3 ND NA Yes 14.4 11 14.4 11 

Iinoseb 7/25 2.8 to 26 4.8 to 320 58.6 ND NA Yes 18 18.6 18 18 

KPA l/25 220 to 21,000 67,000 to 67,000 67,000 ND NA Yes 17,154 6,183 17,154 6,183 

ACPP 3125 310 to 57,000 13,000 to 77,000 50,667 ND NA Yes 53,637 11,175 53,637 11,175 
_ . 

See notes at end of table. 



Table 7-15 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Frequency 
Reporting 

Detected Average Background Ecological 
Chemical Exposure Point 

Analyte of Concentration of Detected Screening Screening 
of 95% 

Average Concentration 

Detection’ 
Limit Range 

Range’ Concentrations3 Concentration4 Value’ 
Ecological UCL’ 

of All 

Concern’ 
Samples’ RME’ CT” 

Inorganic Analvtes (mglkg) 

Aluminum 31132 0.032 to 65.6 40.95* to 14,300 1,681 2,088 NA Yes 5,541 1,629 5,541 1,629 

Antimony l/32 0.0094 to 1.5 4.4 to 4.4 4.4 NA NA Yes 0.5 0.48 0.5 0.48 

Arsenic 7/32 0.0077 to 19.8 2.9 to 20.2 8.2 1.0 20 Yes 2.8 2.3 2.8 2.3 

Barium 21/32 0.0002 to 4.2 2.8 to 65.3 . 20 8.7 200 No13 

Beryllium S/32 0.02 to 0.44 0.235* to 0.66 0.51 0.09 NA Yes 0.25 0.12 0.25 0.12 
Cadmium 2/32 0.06 to 0.69 0.12 to 0.74 0.43 0.98 1.0 No 13.15 

Calcium 6132 0.12 to 12,000 18,700 to 153,000 74,017 25,295 NA No” 

Chromium 22132 0.0017 to 2.7 0.405* to 21.1 5.5 4.6 100 No13 

Wwer 15/32 0.0013 to 5.6 1.1* to 54 12.8 4.1 50 Yes 15.2 6.6 15.2 6.6 

Iron 29132 0.029 to 45.1 37.15* to 1,630 378 712 NA No” 

Lead 32/32 0.003 to 6.4 0.62 to 50.1 14.8 14.5 50 Yes 38.1 14.8 38.1 14.8 

Manganese 1 O/32 0.21 to 22.6 7.7 to 137 54.4 8.1 NA Yes 75.2 18.7 75.2 18.7 

Mercury 16132 0.04 to 0.15 0.05 to 0.27 0.11 0.07 0.5 No13 

Nickel 8132 0.0022 to 4.4 0.2075* to 7 2.4 4.4 50 No’~ 

Selenium 2132 0.75 to 14.8 1.7 to 5.5 3.6 0.95 NA Yes 0.75 0.7 0.75 0.7 

Silver 6132 0.15 to 2.7 0.2* to 60.1 10.9 1.8 NA Yes 0.87 2.1 0.87 0.87 

Vanadium 1 S/32 0.0011 to 2.4 o-395* to 10.1 3.6 3.1 NA Yes 5.1 1.8 5.1 1.8 

Zinc 3/32 0.0023 to 30 54.575* to 187 102 17.2 200 No13 

See notes at end of table. 
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Table 7-15 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Surface Soil Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Ftorida 

’ Frequency of detection is the number of samples in which the analyte was detected divided by the total number of samples analyzed (excluding rejected values). 
2 For duplicate samples having one nondetect, one-half the reporting limit is used as a surrogate concentration for the nondetect. 
3 The average of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. tt does not include those samples with “R,” “U,” or “UJ” 
validation qualifiers. 
’ The background screening value is twice the average of detected concentrations for inorganic analytes in background samples. Background screening values for organic 
analyte values are one times the average of detected concentrations. Organic values are included for comparison purposes only (Le., not used to select ecological 
chemicals of potential concern). 
’ The ecological screening values are the Dutch Soil Criteria as reported in the U.S. Fish and Wildlife Service, Biological Report No. QO(2), “Evaluating Soil Contamination,” 
(Beyer, 1990). 
’ These chemicals are retained for further evaluation in the ecological risk assessment. 
’ The 95% UCL is calculated on the log-transformed average of all samples using the formula provided in the U.S. Environmental Protection Agency (USEPA) 
“Supplemental Guidance to RAGS: Calculating the Concentration Term” (USEPA, 1992d). 
* The average of all samples assigns a value of one-half of the detection limit as a surrogate concentration for nondetect values. 
” The RME exposure point concentration (EPC) is equal to the lesser of the maximum detected concentration or the 95% UCL. 
lo The CT EPC is equal to the lesser of the average of all samples or the RME concentration. 
” Semivolatile organic compounds were not analyzed in samples 09802901 through OQSO3601. 
” The analyte was detected in less than 5 percent of the samples and was not detected in any other media. 
” The maximum detected concentration is less than the ecological screening value. 
i4 Herbicides were not analyzed in samples 09502901 and 09SO3101 through 09503601. 
” The maximum detected concentration is less than the background screening concentration. 
” The analyte is an essential nutrient and not considered toxic. 

Notes: The average of a sample and its duplicate is used for all table calculations. 
Samples: 09SOO500 through 09502800 and 09802901 through 09803601. 
Duplicate samples: OQSOO508D, OQSO18OOD, and 09S02901D. 
Background samples: ORSOO1O1 through ORSOOSOI and ORSOl 101 through ORSO1501. 
Background duplicate samples: ORS012OlD. 

% = percent. DDT = dichlorodiphenyltrichloroethane. 
UCL = upper confidence level on the arithmetic mean (footnote 7). BHC = hexachlorobenzene. 
RME = reasonable maximum exposure. 2,4,5-TP = 2-(2,4,5-trichlorophenoxy) propionic acid.. 
CT = central tendency. 2,4,5-T = 2,4,5-trichlorophenoxyacetic acid. 
m/kg = micrograms per kilogram. 2,4-D = 2,4dichlorophenoxyacetic acid. 
ND = not deiedsd in any background sampie. 2,408 = 2,4-dichiorophenoxybutyric acid. 
NA = not available. dichloroprop = 2-(2,4-dichlorophenoxy)propionic acid. 
PCB = polychlorinated biphenyl. MCPA = @-chloro-2-methylphenoxy)acetic acid. 
DDD = dichlorodiphenyldichloroethane. MCPP = potassium (2-methyWchlorophenoxy)propionate. 
* = value is the average of a sample and its duplicate. mg/kg = milligrams per kilogram. 
DDE = dichlorodiphenyldichloroethene. 
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Frequency Reporting Detected Average Background 
Analyte of Limit Concentration of Detected Screening 

Detection’ Range Range’ Concentrations” Concentration4 

mivolatile Organic Compounds @g/f 1” 

,6-Trichlorophenol l/16 0.01 to 10 2 to 2 2 ND 

-Dichlorophenol 2116 0.01 to 10 2 to 200 101 ND 

-Dimethylphenol l/18 5.005 to 10 3.5* to 3.5* 3,5 ND 

Iethytnaphthalene 2/16 0.01 to 10 3* to 14 8.5 ND 

nethytphenol l/16 5.005 to 10 3* to 3* 3 ND 

dethylphenol l/16 5.005 to 10 4* to 4* 4 ND 

phthalene 6/16 0.01 to 10 1 to 82.5* 17.4 ND 

snol l/16 5.005 to 10 3.5* to 3.5* 3.5 ND 

&ides and PC& tpglf I” 

‘-DDD 0.09 to 0.11 0.029 to 0.088 0.06 ND 

0.09 to 0.11 0.0051 to 0.1 0.04 ND 

0.09 to 0.11 0.0039 to 0.0092 0.01 ND 

0.047 to 0.054 0.051 to 0.051 0.05 ND 

0.093 to 0.11 0.012 to 0.012 0.01 ND 

0.047 to 0.054 0.046 to 0.094 0.07 ND 

0.09 to 0.11 0.0075 to 0.0093 0.01 ND 

0.09 to 0.11 0.019 to 0.022 0.02 ND 

‘-DDE 

‘-DDT 

lrin 

‘Idrin 

dosulfan I 

dosulfan II 

drin 

2116 

3116 

3/16 

l/16 

l/16 

2/16 

2116 

2116 

l/16 

0.0064 

10.5 

0.001 

0.3 

0.0019 

0.056 

0.056 

0.0023 

0.08 ND NA 

0.07 ND 0.0038 

drin aldehyde 

ptachlor epoxide 2116 

Table 7-16 
Selection of Ecological Chemicals of Potential Concern 

for Groundwater Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

0.09 to 0.11 0.078 to 0.078 

0.047 to 0.054 0.044 to 0.1 

Chemical 
Ecological of 
Screening 

Value’ 
Ecologica 
Concern’ 

I I 

3.2 No” 

36.5 Yes 

21.2 No” 

NA Yes 

NA Yes 

NA Yes 

62 Yes 

256 No’* 

Yes 

No” 

Yes 

No” 

Yes 

Yes 

No” 

Yes 

Yes 

Yes 

s notes at end of table. 

95% 
UCL’ 

18 17 18 17 

6.2 5.4 6.2 5.4 

5.2 4.9 3 3 

NC 4.9 4 4 

13.7 9.7 13.7 9.7 

0.05 

0.08 

0.06 

0.04 

0.05 

0.05 

0.04 

0.05 0.09 0.05 

0.04 0.01 0.01 

0.05 0.01 0.01 

0.03 0.04 0.03 



Table 7-16 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Groundwater Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Exposure 

Analyte of 
Detection’ 

Limit 
Range 

Concentration 
Range’ 

of Detected 
Concentrations3 Concentration’ 

Concentratior 

Jlethoxychlor If16 0.291 to 0.54 0.0078 to 0.0078 0.01 ND 0.03 No12 

dpha-BHC 2116 0.047 to 0.054 0.0042 to 1 0.5 ND 500 No” 

‘lpha-Chlordane 2116 0.047 to 0.054 0.028 to 0.11 0.07 ND 0.0043 Yes 0.04 0.03 0.04 0.03 
. lelta-BHC 2116 0.047 to 0.054 0.021 to 0.3 0.16 ND NA ies 0.05 0.04 0.05 0.04 

tamma-BHC (lindane) 4116 0.047 to 0.054 0.0076 to 0.69 0.19 ND 0.08 Yes 0.08 0.07 0.08 0.07 

ramma-Chlordane 4116 0.047 to 0.054 0.013 to 0.67 0.22 ND 0.0043 Yes 0.1 0.07 0.1 0.07 
ierbicides &g/t) 

!,4-D 14118 0.75 to 1.55 0.0012 to 110 8.1 ND NA Yes 483 6.5 110 6.5 

!,4-DB 13118 1.5 to 50 0.14 to 1.8 0.59 ND NA Yes 5.5 2.4 1.8 1.8 

Ialapon 2118 3 to 60 0.69 to 1.65* 1.2 ND NA Yes 6.1 4.5 1.7 1.7 

)ichloroprop 7118 1 to 20 0.18* to 2.05* 0.61 ND NA Yes 2 1.4 2 1.4 

Gnoseb 3118 1.5 to 15 0.098 to 0.12 0.11 ND NA Yes 1.8 1 0.12 0.12 

(CPA 9118 53 to 480 545* to 3,100 1,241 ND NA Yes 2,951 681 2,951 681 

dCPP 7118 60 to 520 0.36 to IQ00 1,012 ND NA Yes 12,333 448 1,900 448 
roraanic Analvtes (ma/k& 

Uuminum 18118 16.7 to 19.5 212 to 3,260 768 4,067 87 No13 

htimony l/18 2 to 2.9 3.5 to 3.5 3.5 4.1 160 No%‘3 

ksenic 8118 2.2 to 5.9 2.2 to 264 78.7 5.0 ‘%O Yes 202 36.4 202 36.4 

3arium 16118 0.1 to 9.6 2.1* to 42.6* 14.1 31.4 NA Yes 21.1 13 21.1 13 
24ClWC t4,‘18 7.4 to 33,760 6,~~* io 

92,^~" 3ii,606 36,839 
. . . 
NA 

No!5 

>hromium 12118 0.8 to 6.3 0.81 to 3.7 1.6 7.8 ‘@ll No 1*,13 

:obalt 6118 0.5 to 0.8 0.55 to l.Q* 1 NA NA Yes 0.74 0.59 0.74 0.59 

iee nOteS at end of table. 



Table 7-16 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Groundwater Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Exposure 
Frequency Reporting Detected Average Background Ecological Chemical of Average Point 

Analyte of Limit Concentration of Detected Screening Screening Ecological 95% of All Concentration 
Detection’ Range Range’ Concentrations3 Concentration4 Value’ Concern 

UCL’ Samples’ 
RME’ CT” 

lnoraanic Analvtes @g/f I (Continued) 

Cwper 7118 0.6 to 4.2 0.76 to 56 11.8 5.4 6.54 Yes 8.9 5.5 8.9 5.5 

Iron 16118 13.4 to 114 53.6 to 5,085* 1,020 1,227 1,000 Yes 2,836 913 2,836 913 

Lead 3118 1.6 to 2.2 1.9 to 6.1 3.6 4.0 1.32 Yes 1.7 1.4 1.7 1.4 

Magnesium If18 6.7 to 2,410 8,595* to 8,595* 8,595 4,560 ’ NA No15 

Manganese 14/18 0.1 to 94.9 3 to 152* 44.6 17 NA Yes 358 37.5 152 37.5 

Mercury l/18 0.1 to 0.18 0.11 to 0.11 0.11 0.12 0.012 No13 

Nickel Q/l8 1.1 to 1.3 1.4 to 9.65* 4.5 NA 87.71 No” 

Silver l/18 0.7 to 0.8 0.75* to 0.75* 0.75 NA 0.012 Yes 0.44 0.41 0.44 0.41 

Vanadium I4118 0.6 to 0.7 0.73* to 5.1 1.9 20.6 NA No’” 

’ Frequency of detection is the number of samples in which the analyte was detected divided by the total number of samples analyzed (excluding rejected values). 
* For duplicate samples having one nondetect, one-half the reporting limit is used as a surrogate concentration for the nondetect. 
3 The average of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. It does not include those samples with “R,” “U,” or “UJ” 
validation qualifiers. 
4 The background screening value is twice the average of detected concentrations for inorganic analytes in background samples. Background screening values for organic 
analyte values are one times the average of detected concentrations, Organic values are included for comparison purposes only (i.e., not used to select ecological chemicals 
of potential concern). 
5 The ecological screening values are the Region Iv Waste Management Division Freshwater Surface Water Chronic Screening Values for Hazardous Waste Sites reported in 
the “Supplemental Guidance to RAGS: Region IV Bulletins on Ecological Risk Assessment” (U.S. Environmental Protection Agency [USEPA], 1995c). 
6 These chemicals are retained for further evaluation in the ecological risk assessment. 
’ The 95% UCL is calculated on the log-transformed average of all samples using the formula provided in the USEPA “Supplemental Guidance to RAGS: Calculating the 
Concentration Term” (USEPA, lQ92d) 
* The average of all samples assigns a value of one-half of the detection limit as a surrogate concentration for nondetect values. 
’ The RME exposure point concentration (EPC) is equal to the lesser of the maximum detected concentration or the 95% UCL. 
lo The CT EPC is equal to the lesser of the average of all samples or the RME concentration. 
” Semivolatile organic compounds and pesticides were not analyzed in samples 09G01701 and 09G01801. 

(Notes continued on following page.) 



Table 7-16 (Continued) 
Selection of Ecological Chemicals of Potential Concern 

for Groundwater Associated with Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

I2 The maximum detected concentration is less than the ecological screening value. 
I3 The maximum detected concentration is less than the background screening concentration. 
” The value is based on trivalent arsenic form. 
” The analyte is an essential nutrient and not considered toxic. 
I6 The value is based on hexavalent chromium form. 

Notes: The average of a sample and its duplicate is used for all table calculations. 

Samples: OQGOOl02 through OQGOO402 and OQGOO501 through OQG01801. 
Duplicate samples: OQGOO202D, OQG014OiD, and OQGOl QOlD. 
Background samples: ORGOOlOl through ORGOlOOl. 
Background duplicate samples: ORGOO201 D and ORGOO701D. 

% = percent. 
UCL = upper confidence level on the arithmetic mean (footnote 7). 
RME = reasonable maximum exposure. 
CT = central tendency. 
m/l = micrograms per liter. 
ND = not detected in any background sample. 
* = value is the average of a sample and its duplicate. 
NA = not available. 
NC = not calculated. 

DOD = dichlorodiphenyldichloroethane. 
DDE = dichlorodiphenyldichloroethene. 
DOT = dichlorodiphenyltrichloroethane. 
BHC = hexachlorobenzene. 
2,4-D = 24dichlorophenoxyacetic acid. 
2,4-08 = 2,4dichlorophenoxybutyric acid. 
dichloroprop = 2-(24dichlorophenoxy)propionic acid. 
MCPA = @chloro-2-methylphenoxy)acetio acid. 
MCPP = potassium (2-methyf4chlorophenoxy)propionate. 

PC6 = polychlorinated biphenyl. 



grass cover, it is also likely that the presence of some of these contaminants 
is due to routine application. -@-% 

The primary means of contaminant transport at SA 9 are similar to those 
identified for SA 8 and include physical movement of soil and ECPCs by water, 
either through overland flow or infiltration. Migration of surface runoff carry 
contaminants sorbed to soil or as dissolved constituents via surface runoff 
likely accounts for the presence of contaminants in the drainage swales bordering 
the site. Infiltration is also significant transport mechanism due to the lack 
of impervious cover at SA 9. 

Most of the ECPCs at SA 9 have high sorption coefficients, indicating that they 
prefer to remain bound to soil particles. In particular, inorganic constituents 
and pesticides are most likely to sorb to soil where they tend to remain, subject 
to biodegradation, photolysis, and other processes. 

Shallow groundwater at SA 9 likely discharges to Lake Baldwin and the surrounding 
wetlands. Recharge is primarily from precipitation. Contaminants carried in 
colloidal suspension in groundwater or as dissolved constituents could enter the 
surface water this way. The potential fate and transport of the ECPCs present 
in groundwater is dependant on a number of factors including pH and Eh of the 
aquifer, organic content of the aquifer, and potential travel time. In general, 
groundwater pH is slightly acidic, and Eh suggests reducing conditions are 
present locally. Such conditions result in many contaminants, most notably 
arsenic (III), remaining as dissolved constituents. 

As previously described in Subsection 5.3.2, groundwater fate and transport -: 
models suggest that contaminants potentially migrating from the site via 
groundwater have not significantly moved from their point of origin, nor have 
they likely reached Lake Baldwin (approximate travel distance of-150 feet) from 
the former building location. This is supported by the groundwater analytical 

.results from wells installed between the former building location and the lake. 

The fate of contaminants once they reach the surface water is dependantprimarily 
on the Eh and pH of the water and sediment, as well as the organic content of the 
sediment. Biodegradation is reportedly a significant factor in removal of many 
of the ECPCs identified at SA 9. Current groundwater conditions suggest a 
reducing environment is present, which enhances biodegradation of many ECPCs. 

Based on the fate and persistence characteristics of the ECPCs, and the most 
likely transport mechanisms, it is expected that off-site migration of 
contaminants is limited, both in distance and variety of contaminants. In 
addition, organic contaminants, such as pesticides and herbicides, are expected 
to degrade over time, either in place (soil) or as they migrate (groundwater), 
while the inorganic constituents tend to sorb to, soil and remain near the point 
of introduction to the environment. A detailed description of the fate and 
transport of SA 9 ECPCs is provided in Chapter '5.0. 

7.2.1.4 Mechanisms of Ecotoxicity Four classes of contaminants including PAHs, 
pesticides, herbicides, and inorganic constituents were identified as ECPCs in 
the surface soil and groundwater at SA 9. Many of the ECPCs identified at SA 9 
are similar to those found at SA 8; therefore, the discussion of the ecotoxicity 
and potential bioaccumulation of these classes of contaminants can be found in ./-a, 

Paragraph 7.1.1.4. Further information on the ecotoxicity 'and bioaccumulation 
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of ECPCs is also provided in Appen&x G. A‘brief description of the distribution 
of these contaminant classes is provided below. 

PAHS -* At SA 9, PAHs were detected in both the surface soil and groundwater. In 
surface soil, the two samples with the highest total PAH concentrations were 
located in the parking area and in the drainage ditch adjacent to the road, 
suggesting that the primary source of PARS is related to vehicles travelling 
through the SA. Mostly phenolic compounds, known to be found in pesticide and 
herbicide carriers, were detected in groundwater. The ecotoxicity and 
bioaccumulation of PARS is discussed in Paragraph 7.1.1.4. 

Pesticides. With the exception of alpha- and gamma-chlordane, pesticidles were 
detected infrequently in surface soil samples at SA 9. The distribution of 
pesticides in the drainage swale suggests that these constituents are migrating 
along the drainage swale, but are dispersed when the runoff reaches the wetland. 
Pesticides were also detected to a lesser extent in the groundwater at SA 9. The 
ecotoxicity andbioaccumulation of pesticides is discussed in Paragraph 7.1.1.4. 

Herbicides. Herbicides were detected in surface soil and groundwater samples at 
SA 9. The highest concentration of herbicide MCPA in surface soil was detected 
in the wetland area near the mouth (discharge area) of the drainage swale. In 
groundwater, maximum concentrations of herbicides were detected in monitoring 
wells near the source area addressed by the IRA and along the adjacent drainage 
swale. The ecotoxicity of herbicides is discussed in Paragraph 7.1.1.4. 

Inorganic Constituents. At SA 9, ten and eight inorganic constituents were 
identified as ECPCs in surface soil and groundwater, respectively. 0:f these 
constituents, chemicals that are considered most toxic to ecological receptors 
include arsenic, lead, and silver. Ecotoxicity profiles for these chemicals are 
provided in Paragraph 7.1.1.4. . 

In surface soil, the highest concentrations of arsenic were detected in or near 
the drainage swale on the north side of the SA. The source of arsenic is 
believed to be the improper handling of pesticides and herbicides used at SA 9. 
Arsenic was also detected in groundwater at SA 9 at locations near the drainage 
swale on the northeast side of the SA and in wells adjacent to the edge of the 
area where soil was excavated during the IRA. The drainage swale that runs along 
the northeast side of SA 9 continues into the wetland area, flowing toward Lake 
Baldwin. The swale is a preferential drainage pathway as it enters the wetland, 
but becomes less defined closer the lake. A well point was installed in the 
wetland at the point where the drainage swale loses its definition, approximately 
30 feet from the edge of the lake, and is considered a point of discharge to the 
lake. Detected concentrations of arsenic at this wellpoint were significantly 
less than those detected in upgradient monitoring wells. Lead and silver were 
also detected in the surface soil and to a lesser extent in the groundwater at 
SA 9. 

7.2.1.5 Identification of Receptors Ecological receptors that may potentially 
utilize the maintained grassy field and adjacent forested wetland area at SA 9 
include terrestrial wildlife (i.e., mammals, birds, reptiles, and adult 
amphibians), terrestrial. plants, and soil invertebrates. As previously 
mentioned, the maintained grassy area at SA 9 is expected to provide limited 
habitat for ecological receptors other than small mammals andbirds. Terrestrial 
receptors that may be particularly sensitive to the contaminants at SA 9 include 
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carnivorous birds. Freshwater aquatic receptors (i.e., fish, invertebrates, 
amphibians, and aquatic plants) in Lake Baldwin are also evaluated in the ERA *q, 
because groundwater from SA 9 may potentially migrate to the surface water of 
Lake Baldwin. 

Certain species that potentially reside at NTC, Orlando are protected by Federal 
and/or State Laws. A list of State and federally protected species is provided 
in Table 3-3. Although gopher tortoises have been observed in the golf course 
adjacent to SA 9, no State or federally listed rare, threatened, or endangered 
species or species of concern are known to inhabit SA 9. The gopher tortoise is 
not expected to occur at SA 9 because the water table is very close to the 
surface (i.e., 2 to 3 feet), 

7.2.1.6 Identification of Complete Exposure Pathways Exposure pathways are 
identified for four groups of ecological receptors (terrestrial wildlife, 
terrestrial plants, soil invertebrates, and aquatic receptors). A complete 
exposure pathway includes a source of contamination, potentially contaminated 
media, and an exposure route. The exposure pathways from SA 9 to ecological 
receptors are depicted in the contaminant pathway model on Figure 7-2. The model 
depicts all potential exposure pathways, however (as discussed in Paragraph 
7.1.1.6), shading indicates those pathways that are evaluated in the ERA for SA 
9. The general approach used to identify complete exposure pathways for the four 
groups of receptors is discussed below. 

Terrestrial Wildlife. The wildlife exposure routes believed to contribute the 
highest potential contaminant exposures include ingestion of soil and food items 
that are contaminated as a result of accumulation of constituents from site 
media. Although ingestion of surface water from Lake Baldwin adjacent to SA 9 

r---x 

is possible, surface water data from Lake Baldwin has already been evaluated as 
part of the SA 6 site screening. The results of the site screening indicate that 
Lake Baldwin does not likely represent an environmental concern; therefore, no 
further evaluation is required for this area (ABB-ES, 1995b). As discussed in 
Paragraph 7.1.1.6, dermal and inhalation exposure pathways are not evaluated as 
part of the SA 9 ERA. 

Terrestrial Plants and Invertebrates. Terrestrial plants and soil invertebrates 
may be exposed to contamination in surface soil by direct contact with and root 
uptake (in plants) or ingestion (in invertebrates) of soil. 

Aquatic Receptors. Exposure pathways for aquatic receptors at SA 9 include 
direct contact with groundwater as it discharges to the surface water of Lake 
Baldwin. Surface runoff exposure pathways via the drainage swales will be 
qualitatively as part of the Uncertainty Analyses (Subsection 7.2.6). 

7.2.1.7 Identification of Endpoints The assessment and measurement endpoints 
selected for the SA 9 ERA are listed in Table 7-3. As mentioned in Paragraph 
7.1.1.7, assessment endpoints represent the ecological component tobeprotected, 
whereas the measurement endpoints approximate or provide a measure of the 
achievement of the assessment endpoint. One of the assessment endpoints selected 
for the SA 9 ERA is the survival and maintenance (i.e., growth and reproduction) 
of receptor populations and communities at SA 9. The specific objectives of the 
SA 9 assessment are to determine whether the chemical concentrations in surface 
soil and groundwater at SA 9 are likely to result in population "decline 'of K-- 

ecological species. The measurement endpoints used to gauge the likelihood of 
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population- and community-level effects are chemical specific toxicological 
benchmark values derived from the literature that are based on laboratory- 
measured survival, growth, and reproductive effects. 

Five hypotheses were developed to gauge potential risks associated with exposure 
to SA 9 surface soil and groundwater. These hypotheses are designed for multiple 
species and trophic levels and represent both individual and community dynamics. 
Hypotheses for the SA 9 ERA include the following: 

1. Are ECPCs present in the surface soil at concentrations sufficient- 
ly high to reduce plant or soil invertebrate biomass or plant cover 
availability such that insectivorous and herbivorous small bird and 
herbivorous small mammal populations could be affected? 

2. Are ECPCs concentrations in plants and invertebrates sufficiently 
high as to adversely affect foraging small mammal or bird popula- 
tions following consumption of contaminated prey? 

3. Are bioaccumulating chemicals sufficiently high to reduce surviv- 
ability, growth, or reproduction in top predators (i.e., carnivo- 
rous birds)? 

4. Are ECPCs present in the groundwater at concentrations sufficiently 
high to reduce the survival and maintenance of aquatic receptors in 
Lake Baldwin, located approximately 100 feet west of SA 9? 

5. Are ECPCs present in' groundwater at concentrations sufficiently 
high to reduce terrestrial and/or wetland plant biomass o'r plant 
cover availability such that small mammal and bird populations 
could be affected? 

7.2.2 Baseline Problem Formulation As previously discussed in the screening- 
level problem formulation, contaminants in the form of pesticide and herbicide 
formulations were introduced to the environment at SA 9 through direct input to 
soil (e.g., spills and cleaning of equipment), as well as direct injection to the 
subsurface via a gravel sump. Contaminants included pesticide and herbicide 
compounds in both dry and liquid forms, as well as potential solvents o'r other 
carriers (i.e., arsenic) used in creating the application mixtures. 

The baseline problem formulation will establish the goals, breadth, and focus of 
the baseline ERA, based on information provided in the screening-level problem 
formulation. Specifically, the baseline problem formulation includes a 
discussion of the ECPCs and potential ecological effects of these contaminants 
(Paragraph 7.2.2.1), as well as a review of the contaminant fate and transport, 
complete exposure pathways, and ecosystems potentially at risk (Paragraph 
7.2.2.2). In addition, assessment endpoints are refined (Paragraph 7.2.2.3) and 
a conceptual model is presented (Paragraph 7.2.2.4). 

7.2.2.1 Refinement of ECPCs ECPCs in surface soil and groundwater at SA 9 were 
selected based on the criteria discussed in Paragraph 7.1.1.2. All of the 
surface soil and groundwater ECPCs identified in Tables 7-15 and 7-16, 
respectively, will be carried forward into the baseline ERA. ECPCs inboth media 
include semivolatile organic constituents, pesticides, herbicides, and a number 
of inorganic constituents. Although all ECPCs will be addressed in the baseline 
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ERA, it is anticipated that pesticides in surface soil, and arsenic in 
groundwater may pose the greatest potential threat to ecological receptors at 
SA 9. 

The methods used for identifying and characterizing ecological effects for ECPCs 
in surface soil and groundwater are provided in Subsection 7.1.4. The primary 
ecological effects associatedwithpesticides include bioaccumulationinthe food 
chain and sublethal reproductive effects to avian species, including egg shell 
thinning, egg hatchability, and hatchling survival. The trivalent species of 
arsenic is most toxic to ecological receptors; ecological effects include 
carcinogenicity, teratogenicity, embryotoxicity, and fetotoxicity. 

7.2.2.2 Contaminant Fate and Transport, Ecosystems Potentially at Risk, and 
Complete Exposure Pathways The preliminary identification of contaminant fate 
and transport ecosystems potentially at risk and of complete exposure pathways 
was conducted as part of the screening-level problem formulation. The exposure 
pathways and ecosystems associated with the assessment endpoints identified in 
the screening-level problem formulation are evaluated further in this section. 

A description of the contaminant fate and transport mechanisms at SA 9 is 
provided in Paragraph 7.2.1.3. The fate and transport of all of the ECPCs is 
discussed in further detail in Chapter 5.0. In summary, contaminants at SA 9 are 
transported via surface water runoff and infiltration. However, it is expected 
that off-site migration of contaminants may be limited due to the high sorption 
coefficients of the ECPCs. Organic contaminants are expected to degrade over 
time, while inorganic constituents tend to sorb to soil and remain close to the 
source of introduction into the environment. 

As previously discussed in Paragraph 7.2.1.1, the habitats at SA 9 include a 
maintained grass field and a forested wetland area. Given the nature of ECPCs 
at SA 9, ecosystems that may be potentially at risk include terrestrial and 
semiaquatic wetland habitats where terrestrial receptors (i.e., mammals and 
birds) as well as terrestrial plants and soil invertebrates may be exposed to 
site-related contaminants. In addition, the grassy drainage swales provide a 
means of contaminant transport from the source area to the forested wetlands; 
therefore, ecological receptor exposures to contaminants in the swales will also 
be evaluated. Special attention will also be given to carnivorous birds, which 
are particularly sensitive to pesticide exposures. In addition, migration of 
arsenic in groundwater to the forested wetland area and Lake Baldwin may be of 
concern for aquatic receptors and terrestrial/wetland plants. 

Exposure pathways for ecological receptors at SA 9 were evaluated in Paragraph 
7.2.1.6 of the screening-level problem formulation. Based on this evaluation, 
complete exposure pathways for terrestrial receptors include ingestion of soil 
and food items that are contaminated as a result of accumulation of constituents 
from site media. Terrestrial plants and soil invertebrates may also be exposed 
to contamination in the surface soil by direct contact with and root uptake (by 
plants) or ingestion (by invertebrates) of soil. For aquatic receptors, complete 
exposure pathways include direct contact with groundwater as it discharges to the 
forested wetland area and Lake Baldwin. 

7.2.2.3 Selectionof Assessment Endpoints The assessment endpoints selected for 
SA 9 are listed in Table 7-3. These endpoints focus on particular components of ,J----? 

the ecosystem that could be adversely affected by contaminants from SA 9. The 
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assessment endpoints were selected based on the ecosystems, communities, and/or 
species that are potentially present at SA 9. Although all of the assessment 
endpoints identified in Table 7-3 will be evaluated, particular emphasis will be 
given to the protection of carnivorous birds, which are sensitive to pesticide 
exposures. 

7.2.2.4 Conceptual Model Based on the knowledge of contaminants present at SA 
9, the complete exposure pathways, and the selected assessment endpoints, an 
integrated conceptual model was developed. The conceptual model includes a 
contaminant fate and transport diagram that follows the contaminant's movement 
from the sources through the ecosystem to receptors that include the selected 
assessment endpoint. 

The conceptual model for SA 9 is presented in Figure 7-3. Surface water runoff 
via overland transport (i.e., specifically via the drainage swales) and 
infiltration are the main mechanisms responsible for the transport of contami- 
nants from the primary source at SA 9 to the secondary sources including surface 
soil and groundwater. Therefore, surface soil and groundwater are the media of 
concern at SA 9. 

Surface soil is the exposure point for terrestrial wildlife, terrestrial plants, 
and soil invertebrates. The primary ecological receptors that may be exposed to 
surface soil include small herbivorous mammals andbirds and insectivorous birds, 
and tertiary receptors include carnivorous birds. Although the assessment 
endpoints address each of the ecological receptors for which exposure pathways 
are complete, particular emphasis will be given to the evaluation of reproductive 
effects (i.e., egg shell thinning) in carnivorous birds exposed to pesticides. 

Groundwater is the exposure point for primary ecological receptors including 
aquatic receptors and terrestrial/wetland plants. The assessment endpoints for 
exposure to groundwater focus on aquatic receptors including freshwater fish, 
macroinvertebrates, amphibians, and aquatic plant populations in the forested 
wetland area and Lake Baldwin. In addition, the growth and yield of terrestrial 
and wetland plant populations will be evaluated as an assessment endpoint for 
groundwater. 

7.2.3 Exposure Assessment Exposure assessment is the process of estimating or 
measuring the amount of an ECPC to which an ecological receptor may be exposed. 
Subsection 7.1.3 previously describes how contaminant exposures are estimated for 
wildlife, terrestrial plants, terrestrial soil invertebrates, and aquatic 
organisms. The contaminant pathway model (Figure 7-2) and the site conceptual 
model (Figure 7-3) provide a summary of the potential exposure pathways that 
exist at SA 9 for each group of receptors. 

7.2.3.1 Calculation of EPCs RME and CT EPCs were chosen for all ECPCs in 
surface soil and groundwater by the methods described in Paragraph 7.1.3.1 to 
assess exposure to terrestrial and aquatic receptors. Because there were more 
than 10 samples in the surface soil and groundwater data sets at SA 9, the lesser 
of the maximum detected concentration or the 95th percentile UCL calcul,ated on 
the log-transformed arithmetic average was selected as the EME EPC (USEPA, 
1992d). Tables 7-15 and 7-16 present the EME and CT EPCs for selected ,surface 
soil and groundwater ECPCs, respectively. 

; / ' 
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7.2.3.2 Terrestrial Wildlife Exposure routes for wildlife receptors include 
direct or indirect ingestion of SA 9 soil and ingestion of potentially ,n? 
contaminated food. The rationale for selecting wildlife receptors according to 
their respective levels within the food chain is discussed in Paragraph 7.1.3.2. 
Terrestrial receptors were chosen to represent the trophic levels typical of a 
maintained grass field and a forested wetland area. Due to similarities in 
habitat and proximity in distance, the representative wildlife species chosen for 
the SA 8 EEA are also used for the SA 9 EEA. The following representative 
wildlife species (summarized in Table 7-4) were selected for the SA 9 ERA: 
cotton mouse, mourning dove, American robin, and loggerhead shrike. 

Exposure assumptions (body weights, food ingestion rates, relative consumption 
of food items, etc.) for each of the representative wildlife species for SA 9 are 
provided in Table 7-5. 

The area of SA 9 (roughly:calculated to be 1.25 acres) is larger than the home 
range for the cotton mouse and smaller than the home range for the mourning dove, 
American robin and loggerhead shrike. Since all representative wildlife 
receptors are expected to actively forage at the site year-round, it is assumed 
that the SFF (defined in Paragraph 7.1.3.2) for these receptors is 1. 

A PDE (or body dose) is used to estimate contaminant intake for all representa- 
tive wildlife species from exposure to each ECPC in surface soil and groundwater 
according to the equations described in Paragraph 7.1.3.2 and summarized in Table 
7-6. 

Tissue concentrations of ECPCs in prey items are estimated using BAFs. The /-14 
general approach used to select BAFs for terrestrial receptors is discussed in 
Paragraph 7.1.3.2 and summarized in Table 7-7. BAFs for each of the surface soil 
ECPCs evaluated at SA 9 are included in Appendix G, Table G-l. 

Although indirect exposures to wildlife from groundwater ECPCs exist, this 
exposure pathway is not a significant route of exposure and is unlikely to result 
in risk. Consequently, risks to wildlife from exposure to groundwater ECPCs are 
not evaluated at SA 9. 

7.2.3.3 Terrestrial Plants and Invertebrates Terrestrial plants and inverte- 
brates may be exposed to ECPCs via direct contact with and root uptake (in 
plants) or ingestion (in invertebrates) of ECPCs measured in SA 9 surface soil. 
For the purposes of the OU 3 ERA, exposures to terrestrial plants and inverte- 
brates are assumed to occur within the top 1 foot interval of surface soil. 
Wetland plants may also be exposed to groundwater in areas where groundwater is 
within 1 foot of the ground surface (i.e., in the forested wetland area). 

7.2.3.4 Aquatic Receptors Aquatic organisms may be exposed to ECPCs in 
groundwater as it discharges to the surface water of Lake Baldwin. The aquatic 
organisms most likely to experience adverse effects from exposure to groundwater 
ECPCs are benthic species (i.e., those in close contact with sediment as 
groundwater discharges to surface water). Aquatic organism exposures to 
concentrations of analytes detected inunfiltered groundwater from well points 
adjacent to Lake Baldwin in the forested wetland area (OLD-09-14, OLD-09-15, and 
OLD-09-16) are considered in the SA 9 EPA. Detected concentrations of constitu- 
ents in groundwater from these monitoring wells are conservatively assumed to be t"‘lr 

representative of concentrations present in the surface water of Lake Baldwin. 
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This assumption is considered ai c&&&ativk'because it does not account for 
attenuation of constituent concentrations as groundwater is diluted in the 
surface water of Lake Baldwin. In addition, contaminant concentrations in 
unfiltered groundwater tend to be higher than those for filtered groundwater 
because of sorption to particulate matter; therefore, the concentrations observed 
in unfiltered groundwater may overestimate ecological exposures. 

7.2.4 EcolonicalEffects Assessment The ecological effects assessment discusses 
which measurement endpoints were used to evaluate potential adverse impacts to 
the assessment endpoints. The methods used for identifying and characterizing 
ecological effects for ECPCs in surface soil and groundwater are described in the 
Paragraphs 7.2.4.1 and 7.2.4.2, respectively. 

7.2.4.1 Surface Soil Wildlife receptors, terrestrial plants, and soil 
invertebrates are potentially exposed to ECPCs detected in surface soil at SA 9. 
The measures of adverse ecological effects for these receptors are discussed 
separately. 

Terrestrial Wildlife. As described in Paragraph 7.1.4.1, no long-term wildlife 
population data are available for NTC, Orlando; therefore, a direct measurement 
of this assessment endpoint is not possible. Instead, literature-derived results 
of laboratory toxicity studies that relate the dose of a contaminant in an oral 
exposure with an adverse response to growth, reproduction, or survival of? a test 
population (avian or mammalian species) are used in food-web models as a measure 
of the assessment endpoint. Wildlife ingestion toxicity data for SA 9 surface 
soil ECPCs are presented in Appendix G, Table G-2. 

Lethal and sublethal RTVs were selected according to the data hierarchy described 
in Paragraph 7.1.4.1. A summary of RTVs selected from the ingestion toxicity 
data are provided in Appendix G, Table G-3. 

If neither lethal nor sublethal RTVs were available for an ECPC for a taxonomic 
group, risks associated with the predicted exposure for the respective ECPC were 
not quantitatively evaluated. However, the absence of specific data for a 
taxonomic group does not imply that there is no anticipated toxicological effect 
associated with contaminant exposure by these receptors; therefore, potential 
risks to these taxonomic groups are qualitatively discussed in the uncertainties 
section. 

Terrestrial Plants and Invertebrates. The assessment endpoints selected for 
terrestrial plants and soil invertebrates are a reduction in the biomass of 
terrestrial plants and in the abundance of soil invertebrates used as forage 
material. Site-specific toxicity data for plants and invertebrates are not 
available for SA 9; therefore, the results of toxicity studies from the 
literature that relate the soil concentrations of a contaminant with ,adverse 
effects to growth, reproduction, or survival of a test population are used as a 
measure of the assessment endpoint. These study results are summarized for each 
ECPC in Appendix G, Tables G-4 (plants) and G-5 (invertebrates). 

7.2.4.2 Groundwater Aquatic organisms and terrestrial plants are potentially 
exposed to groundwater as it discharges to the surface at SA 9. The measures of 
adverse ecological effects for aquatic receptors and terrestrial plants are 
discussed separately. 
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Aquatic Receptors. The selected assessment endpoint for aquatic receptors at 
SA 9 is the survival and maintenance of fish, amphibian, invertebrate, and ,./am: 
aquatic plant populations. Because site-specific toxicity testing of groundwater 
is not available for SA 9, adverse effects to aquatic populations from exposure 
to groundwater ECPCs are estimated by comparing exposure concentrations with the 
following surface water benchmark values: the State of Florida Surface Water 
Quality Standards (Florida Legislature, 1996), Federal Ambient Water Quality 
Criteria (AWQC) (USEPA, 1988b; 1991d), and information obtained from searches of I., .., _, _ ", 
the USEPA Aquatic Information Retrieval (AQUIRE) database (AQUIRE, 1998). Data 
obtained from the AQUIRE database are included in Appendix G, Table G-12. 
Exposure concentrations for groundwater ECPCs are equal to the detected 
concentrations of ECPCs in groundwater collected fromwellpoints OLD-09-14, OLD- 
09-15, and OLD-09-16, which are located in the forested wetland area adjacent to 
Lake Baldwin. As previously discussed, these concentrations are conservatively 
assumed to be representative of concentrations present in the surface water of 
Lake Baldwin. 

Terrestrial Plants. The results of toxicity studies from the literature that 
relate the concentrations of a contaminant in solutionwith adverse plant growth, 
reproduction, or survival effects of a test'population were used as a measure of 
the terrestrial plant assessment endpoint at SA 9. These study results are 
summarized in Appendix G, Table G-4. 

7.2.5 Risk Characterization This subsection presents the risk characterization 
for ecological receptors exposed to surface soil and groundwater at SA 9. 

7.2.5.1 Surface Soil Potential risks associated with exposures to ECPCs in .+x= 
surface soil at SA 9 are discussed separately for wildlife and terrestrial '. 
plants/soil invertebrates. Risks to wildlife are characterized by comparing PDE 
concentrations from ingestion andbioaccumulation of surface soil ECPCs with RTvs 
(estimated threshold dose for toxicity). Risks for terrestrial plants and soil 
invertebrates are evaluated by comparing toxicity benchmarks to RME and CT 
exposure concentrations. 

Terrestrial Wildlife. Risks for the representative wildlife species associated 
with ingestion and bioaccumulation of ECPCs in surface soil and prey items are 
quantitatively evaluated using the HQ and HI approach discussed in Paragraph 
7.1.5.1. 

The lethal and sublethal HQs and HIS calculated based on RME and CT EPCs for each 
representative wildlife species are provided in Appendix G, Tables G-12 through 
G-17. A summary of risks to representative wildlife species at SA 9 is provided 
in Table 7-17. 

Summary HIS for representative wildlife species exposed to RME concentrations of 
ECPCs for lethal effects are less than 1; therefore, risks are not predicted for 
these receptors (i.e., bioaccumulating chemicals are not sufficiently high to 
reduce survivability in terrestrial wildlife populations at SA 9). 

The sublethal HIS for the cotton mouse (RME HI = 6.8 and central tendency HI = 
2.5) and the American robin (RME HI = 50 and central tendency HI = 10) exceed 1 
based onboth RME and central tendency exposure concentrations. The primary risk 
driver for the mouse and the robin is 4,4'-DDD. In addition, the pesticides .---- 

alpha- and gamma-chlordane are also risk drivers for the robin. Sublethal HIS 
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for the mourning dove and the loggerhead'shrike slightly exceed 1 based on RME 
concentrations (dove HI = 1.5 and shrike HI = 3.1) and are less than 1 (dove HI 
= 0.16 and shrike HI = 0.67) based on central tendency exposure concentrations. 
Because the RME HI value for the dove only slightly exceeds 1 and no individual 
HI values are greater thanl, population-level sublethal impacts to graminivorous 
birds are expected to be unlikely. For the loggerhead shrike, the sublethal HQ 
value for 4,4'-DDD slightly exceeds 1 based on RME concentrations. Therefore, 
although population-level impacts to the shrike are unlikely, sublethal risks to 
carnivorous birds may occur if these receptors are exposed to RME concentrations 
of pesticides in the surface soil of SA 9. In addition, exposure of small 
mammals and insectivorous birds to pesticides in the surface soil of SA 9 may 
cause a reduction in the growth and reproduction of these populations. 

. Table 7-17 
Summary of His for Terrestrial Wildlife at Study Area 9’ 

Ecological Receptor 

Cotton mouse 

Mourning dove 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida . 

Lethal Effects from Sublethal Effects from Sublethal Effects from 
Exposure to RME Exposure to RME Exposure to CT 

Primary Risk 

EPCs EPCs EPCs Contributors 

0.06 6.6 2.5 4,4’-DDD 

0.019 1.5 0.16 NA 

American robin 0.24 50 10 4,4’-DDD, alpha- and 
gamma-chlordane 

Loggerhead shrike 0.013 3.1 0.67 _. ,_ 4,4’-DDD 

’ The information is a summary of the hazard indices presented in Tables G-12 through G-17 of Appendix G. 

Notes: HI = hazard index. 
RME = reasonable maximum exposure, 
EPC = exposure point concentration. 
CT = central tendency. 
DDD = dichlorodiphenyldichloroethane. 
NA = not applicable. 

As shown on Figure 4-2, the distribution of pesticides at SA 9 appears to be 
localized in the area of the drainage ditch that bounds SA 9 to the east. In 
particular, surface soil samples 09SOO500 and 09SOO700 (located in the drainage 
ditch north of Trident Lane) contain elevated concentrations of 4,4'-DDD and 
alpha- and gamma-chlordane. Surface soil sample 09803401 (located in the 
forested wetland area northeast of the drainage ditch) contains elevated 
concentrations of alpha-chlordane, and gamma-chlordane. The maximum detected 
concentrations of these pesticides were all detected in sample 09SOO500. 

In summary, it appears that sublethal effects to small mammals and insectivorous 
and carnivorous birds at SA 9 associated with ingestion of pesticides in surface 
soil and food items may be localized to the areas of the eastern drainage ditch 
and the forested wetland area. 

Terrestrial Plants. Risks for terrestrial plants are evaluated by comparing the 
selected phytotoxicity RTvs to the RME and central tendency exposure concentra- 
tions. The results of this comparison are summarized in Table 7-18. Phytotoxic- 
ity RTVs are not available for the herbicides MCPA and MCPP. 
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Table 7-18 
Summary of Ecological Risk for Plants and Invertebrates 

in Surface Soil at Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Analyte 

Exposure Point 
RI-V 

RTV Exceeded?3 
Concentrations’ (by RME/by CT) 

RME I CT Plant* Invertebrate* Plant I Invertebrate 

Semivoiatile Organic Compounds (mg/kgJ 

2-Methylnaphthalene 0.077 

bis(2-Ethylhexyhphthalate 0.22 

Pesticides and PCBs fmglkgl 

4,4’-DDD 3.103 

4$-DDE 0.466 

4,4’-DOT 0.369 

alphaChlordane 4.6 

gammaChlordane 5.1 

Herbicides [mglkg) 

2,4-D 0.024 

2,4-DB 0.0231 

Dalapon 0.0211 

Dichloroprop 0.0144 

Dinoseb 0.018 

MCPA 17.15 

MCPP 63.64 

lnoraanic Analvtes (me/kg) 

Aluminum 5,541 

Antimony 0.5 

Arsenic 2.8 

Beryllium 0.25 

Copper 15.2 

0.077 25 34 No/No 

0.178 1DfJo 478 No/No 

0.855 12.5 12 

0.0888 12.5 12 

0.302 12.5 12 

0.377 12.5 NA 

0.391 12.5 NA 

0.009 4.75 10 

0.0174 4.75 10 

0.0183 4.75 10 

0.011 4.75 10 

0.018 4.75 10 

6.18 NA NA 

11.18 NA NA 

1,629 50 NA 

0.48 5 NA 

2.3 10 100 

0.12 10 NA 

6.6 100 30 

No/No 

No/No 

,No/No 

No/No 

1 No/No 

No/No 
1 No/No 
No/No 
No/No 
No/No 

T NA/NA 

NA/NA 

Yes/yes 

No/No 

No/No 

No/No 

No/No 

No/No 

No/No 

No/No 

No/No 

No/No 

NA/NA 

,NA/NA 

No/No 
No/No 
No/No 
No/No 
No/No 
NA/NA 

NA/NA 

NA/NA 

NA/NA 

’ No/No 

NA/NA 

No/No 

Lead 

See notes at end of table. 

38.1 14.8 50 1,190 No/No No/No 



Table 7-18 (Continued) 
Summary of Ecological Risk for Plants and Invertebrates 

in Surface Soil at Study Area 9 

Analyte 

lnoraanic Analvtes (Continued) 

Manganese 

Selenium 

Silver 

Vanadium 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Exposure Point 
Concentrations’ 

RN 

RME I CT Plant’ Invertebrate* 

75.2 18.7 500 NA 

0.75 0.7 1 NA 

0.87 0.87 2 NA 

5.1 1.8 2 NA 

RN Exceeded?3 
(by RME/by CT) 

Plant I Invertebrate 

No/No NA/NA 

No/No NA/NA 

No/No NA/NA 

Yes/No NA/NA 

’ EPCs are presented in Table 7-15. The RME EPCs are equal to the lesser of the maximum detected concentration and the 
95 percent upper confidence limit on the log-transformed arithmetic mean. CT EPCs are equal to the arithmetic mean of all concentrations. When the average 
is greater than the RME EPC, the maximum EPC is used. 
’ Plant and invertebrate RNs are presented in Appendix G, Tables G-4 and G-5, respectively. Generally, the plant RNs are the lowest observed effect 
concentration from among growth studies on plants in solid media, and invertebrate RNs are the lowest concentration lethal to 56 percent of a test population 
(14-day soil test on Eisenia foeMa) from among chemicals in the same chemical class (applies to organic compounds). A conservative factor of 0.2 was applied 
to invertebrate RNs; the resultant value should be protective of 99.9 percent of the population from acute effects (Neuhauser et al., 1986). 
3 Comparison shown is RME EPC to RN/CT EPC to RN. 

Notes: Shading indicates exceedances. 

RME = reasonable maximum exposure. 
CT = central tendency. 
RN = reference toxicity value. 
mg/kg = milligrams per kilogram. 
PCB = polychlorinated biphenyl. 
DDD = dichlorodiphenyldichloroethane. 
DDE = dichlorodiphenyldichloroethene. 
DDT = dichlorodiphenyltriohloroethane. 
NA = not available. 
2,4-D = 2,4dichlorophenoxyacetic acid. 
2,4-DB = 2,4-dichlorophenoxybutyric acid. 
dichloroprop = 2.(2,4dichlorophenoxy)propionic acid. 
MCPA = (4chloro-2-methylphenoxy)aoetic acid. 
MCPP = potassium (2.methyl4chlorophenoxy)propionate. 



With the exception of aluminum and vanadium, RME exposure concentrations of all 
other surface soil ECPCs -are well below available phytotoxicity benchmarks. RME t-cP-T 
and central tendency exposure concentrations of aluminum (5,541 and 1,629 mg/kg, 
respectively) exceed the phytotoxicity RTV of 50 mg/kg by two orders of 
magnitude. The RME concentration of vanadium (5.1 mg/kg) slightly exceeds the 
2 mg/kg benchmark value; however, the central tendency exposure concentration of 
vanadium (1.8 mg/kg) falls below the Rv. 

As previously discussed in Paragraph 7.1.6.1, the phytotoxicity RTVs used for 
aluminum andvanadiumwere assigned a confidence value of "low" by Will and Suter 
(1994) because the number of studies included in the authors' review was less 
than 10. Only one study for aluminum and two studies for vanadium were reviewed 
to derive the phytotoxicity benchmarks. Will and Suter suggest that the derived 
benchmarks are a conservative means for estimating population- or community-level 
impacts. 

The results of the benchmark comparison suggest that terrestrial plants could 
potentially experience adverse growth and reproductive effects from exposure to 
detected concentrations of aluminum in the surface soil atSA 9. Because the RME 
concentration of vanadium only slightly exceeds its respective benchmark and the 
confidence level of the benchmark value is described as "low," it is unlikely 
thatvanadiumwould cause adverse population-level effects to terrestrial plants. 
Because no areas of stressed vegetation were observed during the ecological 
survey, it is also unlikely that exposure of terrestrial plants to aluminum would 
reduce plant biomass and/or plant cover such that small mammal and bird 
populations would be affected. Therefore, adverse impacts to small mammals and 
birds and other species of concern that rely on plant availability/biomass as a f--N 
forage base are not expected to be likely. 

Terrestrial Invertebrates. Risks for terrestrial invertebrates are evaluated by 
comparing invertebrate toxicity 'benchmark values to RME and central tendency 
exposure concentrations of surface soil,ECPCs. The results of this evaluation 
for SA 9 surface soil are also presented in Table 7-18. Invertebrate toxicity 
benchmark values are not available for alpha-chlordane, gamma-chlordane, 
beryllium, manganese, selenium, silver, vanadium, MCPA, and MCPP. 

RME exposure concentrations of all ECPCs are well below the available inverte- 
brate toxicitybenchmarkvalues; therefore, invertebrate biomass and/or abundance 
is not expected to be reduced at SA 9, and no impacts to small mammal and birds 
that may rely on this forage base would be anticipated. 

7.2.5.2 Groundwater Potential risks associated with exposure to ECPCs in 
groundwater are discussed separately for aquatic receptors and terrestrial 
plants. 

Aquatic Receptors. Risks to aquatic organisms from exposure to SA 9 groundwater 
are evaluated by comp%ing*expo&<re concentrations to the surface water toxicity 
benchmarks, which are presented in Table 7-19. As previously discussed, 
groundwater exposure concentrations are* equal to detected concentrations of 
analytes from groundwater in wells adjacent to Lake Baldwin (OLD-09-14, OLD-09- 
15, and OLD-09-16). It is believed that these concentr,afions represent an overly 
conservative estimate of constituent concentrations in the surface water of Lake 
Baldwin because concentrations of analytes may attenuate before groundwater 
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Table 7-19 
Study Area 9 Groundwater Exposure Concentration and Toxicity Benchmark Comparison 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Groundwater Exposure FDEP Class Ill 
Concentrations’ Fresh Water AWQC3 

AQUIRE Lowest Reported 
Analyte 

Quality Standards’ Olsl4 
Adverse Effect Concentration Result 

09G01401 09Go1501 09G01601 (u9/4 
(&f)/Test Species* 

Semivolatile Organic Com0ounds @g/l J 

2,4Dichlorophenol ND ND ND 790 365 7O/rainbow trout LC&, Not Detected 

P-Methylnaphthalene 3 ND ND NA NA 2,OOO,OOO/green algae growth Not Exceeded 

P-Methylphenol ND ND ND NA NA 5,OOO/water flea LC,, Not Detected 

4Methylphenol ND ND ND NA NA 1 ,OOO/water flea NOEC for Not Detected 
reproduction 

Naphthalene 82.5 5 ND NA ‘620 5OO/duckweed population growth Not Exceeded 

Pesticides and PCBs &g/L) 

4,4’-DDD ND ND ND *0.001 80.001 O.Oll/water flea mortality’ Not Detected 

4,4’-DDT ND ND ND ‘0.001 ‘0.001 O.Oll/water flea mortality Not Detected 

Dieldrin ND ND ND 0.00014 0.0019 O.OOl/opossum shrimp mortality Not Detected 

Endosulfan I ND ND ND 0.056 0.056 O.lS/catflsh LC,, Not Detected 

Endrin ND ND ND 0.0023 0.0023 O.OOP/carp LC,, Not Detected 

Endrin aldehyde ND ND ND NA NA 80.002/carp LC, Not Detected 

Heptachlor epoxide ND ND ND NA 0.0038 53/bluegill LC, Not Detected 

alphaChlordane ND ND ND o.ooo59 0.0043 7.l/bluegill LC,, Not Detected 

delta-BHC ND NO ND 3O.l “0.08 1 ,OOO/bluegreen algae popula- Not Detected 
tion growth 

gamma-BHC (lindane) ND ND ND NA 0.08 O.d/scud abundance Not Detected 

gamma-Chlordane ND ND ND o.ooo59 0.0043 7.l/bluegill LC, Not Detected 

See notes at end of table. 



Table 7-19 (Continued) 
Study Area 9 Groundwater Exposure Concentration and Toxicity Benchmark Comparison 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Groundwater Exposure FDEP Class Ill 
Concentrations’ Fresh Water AWQC” 

AQUIRE Lowest Reported 
Analyte 

Quality Standards’ hII8 
Adverse Effect Concentration Result 

09G01401 09G01501 09G01601 01918 
&t/E)/Test Species4 

Herbicides @g/f 1 

24-D 0.51 0.068 ND NA NA 4O/water milfoil development Not Exceeded 

2,4-DB 1.36 0.18 0.31 NA NA 2,OOO/rainbow trout LC, Not Exceeded 

Dalapon ND ND ND NA NA lO,OOO/channel catfish mortality Not Exceeded 

Dichloroprop ND 0.42 0.36 NA NA 9OO/rainbow trout mortality Not Exceeded 

Dinoseb ND ND 0.12 NA NA 93/fathead’minnow LC, Not Exceeded 

MCPA 865 ND 920 NA NA 4,OOO/calanoid mortality Not Exceeded 

MCPP ND ND 0.36 NA NA lOO/duckweed population growth Not Exceeded 

lnoraanic Analytes @g/r ) 

Arsenic ND ND 2.2 50 “190 1,7OO/water flea LC, Not .Exceeded 

Barium 42.6 18.3 17.8 NA NA 8,9OO/water flea reproduction Not Exceeded 

Cobalt 1.9 0.8 0.55 NA NA 8,OOO/scud mortality Not,Exceeded 

Wwr 5.1 7.2 5.1 ‘212 ‘212 1.5/water flea reproduction Exceeded 

tron 441 374 249 1,ooo 1.ooo 46O/brown trout hatchability Not Exceeded 

Lead ND 2.8 ND ‘*3.2 “3.2 52jrainbow trout abundance Not Exceeded 

Manganese 152 55.7 70.8 NA NA 26O/algae population growth Not EXCeeded 

Silver ND ND ND 0.07 0.12 7b/rotifer LC,, Not Detected 

Se8 notes at end of table. 



Table 7-19 (Continued) 
Study Area 9 Groundwater Exposure Concentration and Toxicity Benchmark Comparison 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

’ Exposure point concentrations am detected concentrations of ecological chemicals of potential concern in groundwater at monitoring wells in the forested wetland area 
adjacent to Lake Baldwin. Exposure concentrations at monitoring well 09G01401 are the average of the original sample 09GOf401 and its duplicate 09G01401D. 
* Chapter 62-302 and 62-785, Florida Administrative Code, Surface Water Quality Standards (florida Legislature, 1996). 
3 Chronic Federal Ambient Water Quality Criteria (U.S. Environmental Protection Agency, 1991d and 1966b). 
’ From Appendix G, Table G-12, Only growth, mortality, and reproductive effects to plants, invertebrates, amphibians, and fish were considered. 
5 Insufficient data to develop criteria. Value presented is lowest observed effects concentration. 
’ Value for 4,4’-DDT used as a surrogate. 
’ Derived value is protective of wildlife; no guidelines or criteria exist for protection of aquatic life. 
* Value for endrin used as a surrogate. 
’ Value for delta- and gamma-BHC is based on acute Lowest Observed Effect Level. 
lo Value for gamma-BHC used as a surrogate. 
” Based on the trivalent species of arsenic 
‘* Hardnessdependent criteria: 

Notes: FDEP = Florida Department of Environmental Protection. 
m/L = micrograms per liter. 
AWQC = Ambient Water Quality Criteria (guidance criteria established under the Clean Water Act). 
AQUIRE = Aquatic Information Retrieval. 
ND = not detected. 
L&,, = lethal concentration to 50 parcent of test population. 
NA = not available. 
NOEC = no observed effect concentration. 
PCB = polychlorinated biphanyl. 
DDD = dichlorodiphenyldichloroethane. 
DDT = dichlorodiphenyltrichloroethane. 
BHC = h8xachlorob8nzene. 
24-D = 2,4dichtorophenoxyacetic acid. 
2,4-DB = 2,4-dichlorophenoxybutyric acid. 
dichloroprop = 2-(24-dichforophenoxy)propionic acid. 
MCPA = (4chloro-2.methylph8noxy)acetic acid. 
MCPP = potassium (2-methyl-4-chlorophenoxy)propionate. 
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discharges to a surface water body. Many of the groundwater ECPCs, especially 
pesticides, were not detected in the monitoring wells adjacent to Lake Baldwin. 

Although pesticide constituents were detected in other site-related monitoring 
wells at SA 9, it appears that these hydrophobic analytes are not mobile in 
groundwater and, therefore, their presence is not expected in the surface water 
of Lake Baldwin. 

With the exception of copper, detected concentrations of groundwater ECPCs are 
less than the lowest available surface water toxicity benchmarks. Although 
detected concentrations of copper ranging from 5.1 to 7.2 pg/1 exceed the lowest 
reported adverse effect concentration in AQUIRE of 1.5 pg/R, the exposure 
concentrations are well below the FDEP Class III surface, water quality standard 
and AWQC value of 12 fig/R. Therefore, the results of the benchmark comparison 
indicate that it is unlikely that groundwater discharge to the surface water of 
Lake Baldwin adjacent to SA 9 will pose an unacceptable risk to aquatic 
receptors. 

Terrestrial Plants. Risks to terrestrial plants were evaluated by comparing 
selected phytotoxicity benchmarks to exposure concentrations in groundwater. 
Because the roots of terrestrial plants in the wetland forested area adjacent to 
SA 9 are in direct contact with groundwater, analytical data from monitoring 
wells in the forested wetland area were used to evaluate potential risks to 
terrestrial and wetland plants. Detected concentrations of groundwater ECPCs in 
samples 09G01401, 09G01501, and 09G01601 were used to establish groundwater 
exposure concentrations. A comparison of groundwater exposure concentrations at 
SA 9 to selected phytotoxicity benchmarks is provided in Table 7-20. Phytotoxic- 
ity values are not available for the pesticides and barium. 

The results of the comparison indicate that only detected concentrations of 
arsenic in groundwater at sample 09G01601 slightly exceed its respective plant 
RTV. Arsenic was detected in this sample at a concentration of 2.2 pg/R as 
compared to the 1.0 pg/R benchmark value. The background screening concentration 
of arsenic is 5.0 pg/R, which also exceeds the benchmark,value. Because arsenic 
was detected at only one of three monitoring wells adjacent '&Lake Baldwin at 
a concentration less than the background screening value, it is unlikely that 
terrestrial and wetland plants would be impacted by exposure to groundwater at 
SA 9. In addition, no observable signs of stressed vegetation were noted in the 
forested wetland area adjacent to SA 9 during the ecological survey. 

7.2.6 Uncertaintv Analvsis The objective of the uncertainty analysis is to 
discuss the assumptions of the ERA'pZocess that may influence the risk assessment 
results and conclusions. General uncertainties.inherent in the risk assessment 
process and in the OU 3 ERA are included in Table'7-13. 

Specific uncertainties associated,w,ith,exposure to surface soil and groundwater 
at SA 9 include the following: 

. Risks to avian species may have been underestimated because bioaccumu- 
lation and toxicity data for this taxonomic group are generally lacking 
in the literature. As a result, potential risks associated with 
several ECPCs were not evaluated for avian species. If the toxicologi- 
cal and contaminant transport data obtained from studies conducted on f--x 

mammals were used to estimate risks to avian species, then risk 
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Table 7-20 
Risks to Plants Exposed to Study Area 9 Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Groundwater Exposure 
Concentrations’ Analyte 

09G01401 09G01501 09GO1601 

Semivolatile Orsanic Compounds &g/L) 

S&Dichlorophenol ND ND ND 

2-Methylnaphthalene 3 ND ND 

2-Methylphenol ND ND ND 

4Methylphenol ND ND ND 

Naphthalene 82.5 5 ND 

Pesticides and PCBs @g/L) 

4,4’-DDD ND ND ND 

4,4’-DDT ND ND ND 

Dieldrin ND ND ND 

Endosulfan I ND ND ND 

Endrin ND ND ND 

Endrin aldehyde ND ND ND 

Heptachlor epoxide ND ND ND 

alpha-Chlordane ND ND ND 

delta-BHC ND ND ND 

gamma-BHC (Lindane) ND ND ND 

gamma-Chlordane ND ND ND 

Herbicides @g/t) 

24-D 0.51 0.068 ND 

2,4-DB 1.36 0.18 0.31 

Dalapon ND ND ND 

Dichloroprop ND 0.42 0.36 

Dinoseb ND . ND 0.12 

MCPA 865 ND 920 

MCPP ND ND 0.36 

lnoraanic Analvtes kg/f) 

Arsenic ND ND 2.2 

Barium 42.6 18.3 17.8 

Cobalt 1.9 0.8 0.55 

Copper 5.1 7.2 5.1 

Iron 441 374 249 

Lead ND 2.8 ND 

Manganese 152 55.7 70.8 

Silver ND ND ND 

See notes at end of table. 

Plant RTV 
(in solution)’ 

Gus/~) 

2,400 
100 

23,000 

23,000 

13,000 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

100,000 

100,000 

100,000 

100,000 

100,000 

100,000 

100,000 

1 

NA 

60 

30 

10,000 

20 

4,000 

100 

Plant RTV 
Exceeded? 

Not Detected 

Not Exceeded 

Not Detected 

Not Detected 

Not Exceeded 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Exceeded 

NA 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Not Exceeded 

Not Detected 
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Table j-20 #%ihtinued) 
Risks to Plants Exposed to Study Area 9 Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

’ Exposure point concentrations are detected concentrations‘of &ologi&l contaminant of potential condern in groundwa-’ 
ter at monitoring wells in the forested wetland area adjacent to Lake Baldwin. Exposure concentrations at monitoring 
well 09G01401 are the average of the original sample 09GO1401 and its duplicate 09G01401D. 
’ Plant RTVs in solution are presented in Appendix G, Table G-4. Generally, plant RTvs are the lowest observed 
concentration level from plant growth studies conducted in solution. 

Notes: RTV = reference toxicity value. 
,ug/P = micrograms per liter. 
ND = not detected. 
PCB = polychlorinated biphenyl. 
DDD = dichlorodiphenyldichloroethane. 
NA = not available. 
DDT = dichlorodiphenyltrichloroethane. 
BHC = hexachlorobenzene. 
24-D = 2,edichlorophenoxyacetic acid. 
2,4-DB = 2,4-dichlorophenoxybutyric acid. 
dichloroprop = 2-(2,4-dichlorophenoxy)propionic acid. 
MCPA = (4-chloro-2-methylphenoxy)acetic acid. 
MCPP = potassium (2-methyl-4-chlorophenoxy)propionate. 
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estimates for birds would be higher. However, there is also uncertain- 
ty in assuming that the metabolic functions of mammals and birds are 
similar enough to use intertaxonomic surrogates. 

. Risks to adult amphibians and reptiles species were not estimated for 
surface soil ECPCs because bioaccumulation and toxicity data for this 
taxonomic group are generally lacking in the literature. As a result, 
potential risks associated with ECPCs are uncertain for these species. 
Intertaxonomic surrogates were not used to calculate dietary risks to 
reptiles because of the uncertainty associated with extrapolation of 
data from endothermic to essentially ectothermic species. 

. Site-specific toxicity data for SA 9 surface soil is not available. 
Phytotoxicity and invertebrate benchmark values used in the risk 
assessment were designed for risk screening purposes only and may not 
be relevant to the specific conditions of the surface soil at SA 9. 
The conservative nature of these screening tools may overestimate the 
actual risk to terrestrial plants and invertebrates at SA 9. However, 
invertebrate benchmark values for several analytes are not available, 
potentially resulting in an underestimation of risk for terrestrial 
invertebrates. 

. The assumption that groundwater concentrations in wells adjacent to 
Lake Baldwin are representative of surface water may undler- or 
overestimate exposure concentrations depending on actual surface water 

_L_ conditions. 

. Terrestrial invertebrate exposures to groundwater that are at or near 
the ground surface (i.e., within 1 foot during high groundwater 
periods) were not evaluated; therefore, risks to terrestrial inverte- 
brates may have been underestimated. However, terrestrial inverte- 
brates are most likely repelledby saturated conditions and probably do 
not inhabit these areas. 

. The BAFs from soil to small mammal for DDT, DDD, and DDE were olbtained 
from a study based on whole body and stomach contents of shrews and 
voles. These values may be under- or overestimated depending Ion site 
conditions. 

. There is uncertainty associated with the ingestion toxicity data 
derived from the IRIS and RTECS databases. The IRIS and RTECS data 
were obtained in 1993 and 1995, respectively, and the primary :Litera- 
ture citation was not provided; therefore, the primary literature for 
these studies were not reviewed. This may have resulted in the 
selection of RTVs that may over- or under-estimate potential risks to 
wildlife receptors. RTVs for 4,4'-DDT were obtained from IRIS, and 
RTVs for bis(2-ethylhexyl)-phthalate, 4,4'-DDE, 4,4'-DDT, arsenic, and 
selenium were obtained from RTECS. 

. Phytotoxicity and invertebrate benchmark values are unavailable for the 
herbicides MCPA and MCPP. If the phytotoxicity and invertebrate 
benchmark values for 2,4-D are used as surrogate benchmark values, then 
exposure concentrations of MCPA and MCPP in surface soil at SA 9 exceed 
their respective surrogate values. If the toxicity of MCPA and MCPP is 
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similar to that of 2,4-D, risks associated with terrestrial plant and 
soil invertebrate exposures to MCPA and MCPP in surface soil at SA 9 K-t 
may be underestimated. 

j 

As previously mentioned, surface water and sediment data from Lake 
Baldwin were not evaluated as part of the ERA for SA 9 because this 
data was already evaluated during site screening at NTC, Orlando. The 
results of the site screening indicate that the surface water and 
sediment in Lake Baldwin are unlikely to represent an environmental 
concern, and no further evaluation of the lake was recommended (ABB-ES, 
1995b). It is believed that potential surface runoff from SA 9 to Lake 
Baldwin via the drainage ditches is unlikely to result in risks to 
aquatic receptors. The fate and persistence characteristics of the 
contaminants at SA 9 indicate that off-site migration of contaminants 
is limited, both in distance and variety of contaminants. Furthermore, 
organic contaminants, such as pesticides and herbicides, are expected 
to degrade over time, either in place (soil) or as they migrate 
(groundwater), while inorganic constituents tend to sorb to soil and 
remain near the point of introduction to the environment. 

7.2.7 Summary of Ecological Asses'sment for Studv Area 9 Potential risks for 
ecological receptors were evaluated for ECPCs in surface soil and groundwater at 
SA 9. The results of the ERA for SA 9 are summarized in Table 7-21. 

Risks associated with exposures to ECPCs in SA 9 surface soil were evaluated for 
terrestrial wildlife based on a model that estimates the amount of contaminant 
exposure obtained via the diet and incidental ingestion of surface soil. ,----Y 
Comparison of estimated doses for wildlife species with reference toxicity doses 
representing thresholds for lethal and sublethal effects is the basis of wildlife 
risk evaluation. 

Lethal risks were not identified for terrestrial wildlife resulting from exposure 
to ECPCs in surface soil; therefore, reductions in the survivability of wildlife 
receptor populations at SA 9 is not expected to occur. Sublethal risks (i.e., 
potential reductions in the reproduction and growth of terrestrial wildlife) 
associated with ingestion of 4,4'-DDD in surface soil and food items are 
predicted for small herbivorous mammals and insectivorous birds at SA 9. In 
addition, sublethal risks are possible for carnivorous birds exposed to RME 
concentrations of pesticides. It appears that the distribution of pesticides at 
SA 9 is localized to the areas of the eastern drainage ditch and the forested 
wetland area. 

Reduction in terrestrial plant and soil invertebrate biomass used as forage 
material was evaluatedby comparing exposure concentrations for surface soil with 
toxicity benchmarks. Based on this comparison, terrestrial plants could 
potentially experience adverse growth and reproduction effects from exposure to 
detected concentrations of aluminum in the surface soil at SA 9. Although the 
aluminum phytotoxicity benchmark was exceeded, no evidence of reduction in 
vegetative biomass was observed in the field at SA 9. Therefore, adverse impacts 
to small mammals and birds that rely on plant biomass as a forage base at SA 9 
are not likely. The results of the invertebrate benchmark comparison indicate 
that reductions in invertebrate biomass and/or abundance are also unlikely at 
SA 9. c---3 
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Table 7-21 
Summary of Ecological Risk Assessment Results for Study Area 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Media 

Surface Soil 

I Receptor I Assessment Endpoint I Risks Predicted? Primary Risk Drivers 

Terrestrial Wildlife Survival, reproduction, and growth of No lethal risks predicted. Sublethal risks pre- 4,4’-DDD, alpha- and 
herbivorous mammals, and omnivo- dieted for small mammals and insectivorous gamma-chlordane 
rous, insectivorous, and carnivorous birds. Sublethal risks predicted for carnivorous 
bird populations. birds based on exposure to RME concentrations 

only 

Terrestrial Plants Reduction in the biomass of terrestrial Potential risks predicted based on exceedance Aluminum 
plants used as forage material. of benchmark value, However, no evidence of 

stressed vegetation was observed. 

Terrestrial Invertebrates Reduction in the abundance of earth- 
worms used as forage material. 

No NA 

Groundwater Terrestrial and Wetland 
Plants 

Reduction in the growth and yield of 
terrestrial and wetland plant popula- 
tions. 

No NA 

Aquatic Receptors Survival, reproduction, and growth of 
fish, macroinvertebrate, amphibian, 
and aquatic plant populations. 

No NA 

Notes: DDD = dichlorodiphenyldichloroethane. 
NA = not applicable. 



Potential risks associated with exposures to ECPCs in SA 9 groundwater were 
evaluated for terrestrial plants in the forested wetland area and for aquatic -" 
receptors in Lake Baldwin. 

Risks for terrestrial and wetland plants were evaluated by comparing selected 
phytotoxicity benchmarks in solution to exposure concentrations in groundwater. 
The results of this comparison suggest that the growth and yield of terrestrial 
and wetland plants in the forested wetland area adjacent to SA 9 are not expected 
to be impacted. 

Risks to aquatic receptors associatedwith exposure to groundwater were evaluated 
based on a comparison of groundwater exposure concentrations to available surface 
water toxicity benchmarks. The results of the benchmark comparison indicate that 
it is unlikely that groundwater discharge to the surface water of Lake Baldwin 
adjacent to SA 9 will pose an unacceptable risk to aquatic receptors. 
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8.0 REMEDIAL INVESTIGATION SUMMARY AND CONCLUSIONS 

The summary and conclusions of the RI for OU 3 at NTC, Orlando are presented in 
this chapter. OU 3 consists of SA 8, the Greenskeeper's Storage Area, and SA 9, 
the Former Pesticide Handling and Storage Area. The results are discussed 
separately for each SA. 

8.1 STUDY AREA 8. SA 8, the Greenskeeper's Storage Area, is located in the 
southeast portion of the Main Base at NTC, Orlando, between Lake Baldwin and the 
recently closed golf course. A paved cul-de-sac (terminus of Trident Lane) 
occupies the central portion of the site; a series of small temporary structures 
and Building 2134 occupy most of the ground surface directly adjoining the paved 
road. This area is surrounded by a chain-link fence. A second fenced area to 
the south adjoins this larger fenced complex, and there are three small 
structures within this second fenced area. 

The site is sparsely vegetated, with trees bordering the fence in many areas. 
A strip of dense, wooded wetlands lies between the western fenced perimeter of 
the SA and the open water of Lake Baldwin. The eastern side of the fenced 
complex is bordered by fairway number 3 of the recently closed golf course, 

South of SA 8, on the west side of Trident Lane, is a paved area (measuring 
approximately 10 feet by 30 feet) that is overgrown. Because there is ,a water 
supply connection across Trident Lane from this area, and there is no evidence 
of contamination from equipment washing, it is believed that this area was 
possibly a watering station for sprayer tanks. 

8.1.1 Summary The contaminants of concern in surface soil at SA 8 are primarily 
pesticides, herbicides, and related inorganics (primarily arsenic) and PAHs. 
Inorganics, primarily arsenic, are the contaminants of concern in groundwater. 
Pesticides and herbicides are known to have been historically stored and handled 
at the SA. 

The field investigation conducted for this SA included the following: 

. installation and development of 10 microwells and 4 well points, 

. sampling of 4 existing monitoring wells, 10 microwells, and 4 well 
points, 

. collection of 55 surface soil samples, 

. toxicity testing for two test species with water from two well points 
and one microwell, 

. hydraulic conductivity testing at 2 monitoring wells, and 

. locational survey. 

The sampling results from this RI and previous investigations indicate that 
releases of contaminants to the environment at the SA occurred primarily in the 
fenced Greenskeeper's compound, particularly adjacent to Building 2134. 
Contaminant concentrations detected in soil and groundwater at and downgradient 
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of the Greenskeeper's Storage Area are significantly higher than concentrations 
along the hydraulically upgradient edge of the SA on the border of the golf r----Y 
course, indicating that the contaminants are site related. 

The primary contaminant of concern detected in soil and groundwater at SA 8 was 
arsenic. An arsenic speciation study was conducted on soil and groundwater 
samples from OU 3; this study indicated that roughly 80 percent of the arsenic 
found at SA 8 was present as the arsenite (also known as arsenic III) form. 
Arsenite is the more soluble and mobile arsenic species (relative to arsenate), 
and as such will readily leach or infiltrate to groundwater. The distribution 
of arsenic in groundwater at OU 3 bears this out. 

Contaminant migration from the SA to Lake Baldwin was evaluated in this RI. 
Shallow groundwater at SA 8 likely discharges to Lake Baldwin and the bordering 
wetlands, although, based groundwater analytical data, contaminants migrating 
with groundwater from the site have not yet reached Lake Baldwin. Additionally, 
contaminants could migrate to Lake Baldwin via overland flow (surface runoff). 
During the RI, well points were installed along the edge of the lake to evaluate 
groundwater discharges to the lake, and soil samples were collected in the 
wetland area to evaluate effects of overland flow. Although contaminants were 
detected in soil samples collected in the wetland, the concentrations are 
generally significantly less than concentrations of these contaminants at the 
source areas. The concentrations of arsenic in one of the four well points, OLD- 
08-13 (88.2 pg/R), exceeded both the groundwater screening value (the GCTL, 
primary drinking water standard, and the Federal MCL of 50 pug/R) and the Florida 
surface water standard of 50 pg/R. 

The effects of groundwater discharge to aquatic receptors in Lake Baldwin were ""i 
further evaluated through toxicity testing. The toxicity tests evaluated 
survival, reproduction, and growth of selected organisms when exposed to SA 8 
groundwater. The results of these tests indicate no acute or chronic impacts to 
survival. However, water fleas showed a significant reduction in reproduction 
and growth when exposed to groundwater from well point OLD-08-13, as compared to 
the laboratory control. Although there is no significant reduction in 
reproduction or growth of water fleas exposed to groundwater from wellpoint OLD- 
08-13, as compared to the upgradient reference control, further examination of 
the water flea toxicity testing results shows that a number of water flea 
neonates in sample OLD-08-13 were born dead. Therefore, it is possible that 
reproductive effects to water-column invertebrate populations in Lake Baldwinmay 
occur. 

A groundwater sample was also collected from an intermediate well at the SA 
(i.e., well screened from 23 to 29 feet deep). Laboratory analytical results of 
this sample show that no significant downward migration of contaminants has 
occurred within the shallow aquifer. 

Filtered groundwater samples were also collected during the RI. Evaluation of 
filtered versus unfiltered groundwater sample results at the SA indicate that 
most inorganic contaminants detected in groundwater are not attributable to 
suspended solids. 

Based on the fate and persistence characteristics of the contaminants detected 
in soil and groundwater at SA 8, and the most likely transport mechanisms, it is 
expected that off-site migration of contaminants, including migration to Lake ,- 
Baldwin, is limited, both in distance and variety of contaminants. 
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A baseline risk assessment was completed for human and ecological exposure to 
environmental media at SA 8. The ELCR for human exposure (i.e., residents) to 
groundwater via ingestion was calculated to be 3x10s3, due mainly to the presence 
of dieldrin and arsenic in groundwater at the SA. The noncancer risk estimates 
for the same human exposure to groundwater (HI-41 for the adult resident and 
HI=95 for the child resident) are due mainly to the presence of MCPA, MCPP, 
arsenic, and iron in groundwater. 

The ELCR associated with exposure to surface soil via ingestion, dermal contact, 
and fugitive dust inhalation are 7~10~~ for a lifetime resident, 5x10-" for a 
lifetime recreational user, 1~10~~ for a site maintenance worker, 9x10s6 for a 
commercial worker, and 3~10~~ for an excavation worker. The risk driv'ers for 
these risk estimates are benzo(a)pyrene equivalents, beryllium, and arsenic. The 
noncancer risks associated with surface soil ingestion, dermal contact, and 
fugitive dust inhalation for all potential human receptors at the SA are below 
USEPA's and FDEP's target HI of 1, except for child resident. The child resident 
HI is 2.9, and is due mainly to the presence of MCPA, MCPP, arsenic, and iron in 
surface soil. 

Risks to ecological receptors associated with exposures to contaminants in SA 8 
surface soil were evaluated for terrestrial wildlife. Lethal risks were not 
identified. Sublethal risks associated with ingestion of arsenic and cadmium in 
surface soil and food items are predicted for small herbivorous mammals at SA 8. 
In addition, sublethal risks associated with ingestion of cadmium in soil and 
related food items are predicted for insectivorous birds at SA 8. 

Reduction in terrestrial plant and soil invertebrate biomass used as forage 
material was evaluated in the ERA. Terrestrial plants could potentially 
experience adverse growth and reproduction effects from exposure to detected 
concentrations of aluminum, arsenic, chromium, silver, vanadium, and zinc in the 
surface soil at SA 8. However, no evidence of reduction in vegetative biomass 
was observed in the field at SA 8; therefore, impacts to small mammals anld birds 
that rely on plant biomass as a forage base are unlikely. Also, it is unlikely 
that invertebrate biomass and/or abundance would be reduced such that small 
mammal and bird populations would be affected at SA 8. 

Potential risks associated with exposures to contaminants in SA 8 groundwater 
were evaluated for terrestrial plants in the forested wetland area and for 
aquatic receptors in Lake Baldwin. The growth and yield of terrestrial and 
wetland plants in the forested wetland area adjacent to SA 8 may be reduced due 
to exposure to arsenic in groundwater. Risks to aquatic receptors associated 
with exposure to groundwater were evaluated based on groundwater toxicity tests 
and comparison of groundwater exposure concentrations to Florida Surface Water 
Quality Standards for Class III Waters (Florida Legislature, 1996). The 
groundwater toxicity tests show no significant reduction in survival of test 
species exposed to site-related groundwater. However, water fleas shiowed a 
significant reduction in reproduction and growth when exposed to groundwater from 
well point OLD-08-13, as compared to the laboratory control. In addition, 
detected concentrations of MCPA and arsenic in groundwater from well point OLD- 
08-13 exceeded their respective Florida Surface Water Quality Standards. 
Therefore, it is possible that groundwater discharge to the surface water of Lake 
Baldwin adjacent to SA 8 may pose an unacceptable risk to aquatic receptors, 
specifically water-column invertebrates. 
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8.1.2 Conclusions for SA 8 Contaminants detected in soil and groundwater at SA 
8 during the RI and previous investigations dan be attributed to former site i---y 
activities. The contaminants detected in surface soil at SA 8 were primarily 
pesticides, herbicides, and related inorganics (arsenic) and PAHs. Inorganics, 
primarily arsenic, are the contaminants of concern in groundwater. 

Arsenic was detected in surface soil during site-screening activities (1994) at 
a maximum concentration of 577 mg/kg near the northwest corner of Building 2134. 
Excavation activities conducted as an IRA by SOUTHNAVFACENGCOM prior to the RI 
field investigation removed surface soil (2 feet bls) in this area and at five 
other locations with high arsenic concentrations in surface soil across the SA. 
Based on the results of the RI field investigation, it appears that the IRA 
successfully addressed the areas with the highest arsenic contamination at the 
SA, as the highest concentration of arsenic detected in surface soils during the 
RI was only 90 mg/kg. 

Contamination in soil and groundwater at SA 8 poses unacceptable cancer and 
noncancer risks to human receptors, including the potential resident, the 
recreational user, and the commercial worker. The contaminants contributing to 
these risk estimates include the following: 

. arsenic, benzo(a)pyrene equivalents, beryllium, iron, MCPA, and MCPP in 
surface soil, and 

. arsenic, dieldrin, iron, MCPA, and MCPP in groundwater. 

Risks to terrestrial plants, terrestrial invertebrates, wildlife, and aquatic 
receptors based on exposure to contaminants in surface soil and/or groundwater /-Y. 
at OU 3 were evaluated in the ERA. Potential risks were identified for 
terrestrial wildlife exposed to surface soil and aquatic receptor's and 
terrestrial plants exposed to groundwater. The contaminants contributing to 
these risk estimates include the following: 

. arsenic and cadmium in surface soil, and 

. arsenic and MCPA in groundwater. 

Concentrations of the chemicals of concern in surface soil and groundwater 
identified in the risk assessment were compared to screening values. The 
following observations were made: 

. Concentrations of arsenic in 43 surface soil samples and 13 groundwater 
samples exceeded their respective screening values (the background 
screening value of 1 mg/kg for soil and the primary drinking water 
standard and GCTL of 50 pg/R for groundwater). 

. Concentrations of benzo(a)pyrene in eight surface soil samples exceeded 
its respective screening value (100 pg/kg or the SCG and SCTL). These 
samples were generally located on the western portion of the SA. 
Concentrations of benzo(b)fluoranthene and dibenz(a,h)anthracene 
exceeded their respective screening values (1,400 pg/kg and 100 pg/kg, 
the SCGs and SCTLs) in one surface soil sample from the site (these 
chemicals are PAHs and contribute to the benzo(a)pyrene equivalents 
calculation made in the risk assessment). 

- 
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. None of the detected concentrations of beryllium, barium, copper, or 
vanadium in surface soil at SA 8 exceeded the USEPA Region III RBCs for 
residential soil (160, 5,500, 3,100, and 550 mg/kg, respectively). The 
highest concentration of beryllium detected at the site, 2 mg/kg, is 
two orders of magnitude less than this screening value. 

. Dieldrin was only detected in one groundwater sample from the SA, and 
the concentration detected did not exceed the FGGC of 0.1 pg/R. 
However, it did exceed the GCTL of 0.005 pg/1. 

. None of the detected concentrations of iron in surface soil or 
groundwater exceeded its respective screening values (both of which are 
the USEPA Region III RBCs of 23,000 mg/kg for residential soil and 
11,000 pg/R for tap water). Concentrations of iron in 10 groundwater 
samples did exceed the Florida secondary drinking water standard and 
GCTL of 300 pg/R, but only 3 of these samples exceeded the bac'kground 
screening value of 1,227 pg/1. 

. None of the detected concentrations of MCPA in surface soil exceeded 
any of its respective screening values (38,000 pg/kg or the SCG, and 
39,000 or the USEPA Region III RBC for residential soil). Only one 
detected concentration of MCPA in groundwater (1,200 pg/R) exceeded the 
FGGC (or 1,000 pg/R). However, all three detected concentrations 
exceeded the GCTL of 3.5 pg/R. 

. Concentrations of MCPP in one surface soil sample and five groundwater 
samples exceeded its respective screening values (the USEPA Region III 
RBCs for residential soil of 78,000 pg/kg and 37 pg/R for tap water). 

. None of the detected concentrations of cadmium in surface soil exceeded 
the SCG of 37 mg/kg; all of the detected concentrations were at least 
an order of magnitude less than this screening value and the RBC of 39 
w/kg (e.g., the maximum detected concentration of cadmium in surface 
soil was 7.1 mg/kg). 

8.2 STUDY AREA 9. SA 9, the Former Pesticide Handling and Storage Area, is 
located in the southeast portion of Main Base, southeast of Lake Baldwin. The 
former main building (Building 2132) and a smaller, unnumbered storage building 
were located south of Trident Lane, and directly north of the fairway of the 
fourth hole of the former golf course. These buildings were demolished in 1981 
(C.C. Johnson, 1985). A gravel sump was located in the area where pesticides 
were mixed. This sump (an open-bottomed 55-gallon drum filled with gravel) was 
excavated and removed as part of the IRA at SA 9 in 1997 (Appendix A). 

The site currently consists of a large, flat grassy field. Except for Trident 
Lane, the entire surface of SA 9 is grass-covered. There are scattered mature 
trees, particularly south of the former building locations. Access to the entire 
area is unrestricted. 

8.2.1 Summary The contaminants of concern detected in surface soil and 
groundwater at SA 9 are primarily pesticides, herbicides, and related inorganics 
(primarily arsenic). Pesticides and herbicides are known to have been 
historically stored and handled at the SA. 
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The field investigation conducted for this SA included the following: 

. installation and development of 11 microwells and 3 well points, 

. sampling of 4 existing monitoring wells, 11 microwells, and 3 well 
points, 

. collection of 33 surface soil samples, 

. hydraulic conductivity testing at two monitoring wells, and 

. locational survey. 

The sampling results from this RI and previous investigations indicate that 
releases of contaminants to the environment at this SA occurred primarily in the 
former work area, particularly in the immediate vicinity of former Building 2132 
and the former storage building to its south. Excavation activities conducted 
as an IRA by SOUTHNAVFACENGCOM prior to the RI field investigation have 
remediated the contamination detected in the vicinity of this former work area. 

Remaining soil contaminants at SA 9 are concentrated in the drainage swale. It 
appears that sediment has accumulated at the point where the swale enters the 
heavily vegetated areas. Sample results confirm that contamination does not 
extend laterally beyond the swale. 

Contaminant migration from the SA to Lake Baldwin was evaluated in this RI. 
Shallow groundwater at SA 9 likely discharges to Lake Baldwin and the bordering 
wetlands, although, based on groundwater analytical data, contaminants migrating 
with groundwater from the site have not yet reached Lake Baldwin. Additionally, 
contaminants could migrate to Lake Baldwin via overland flow (surface runoff). 
During the RI, well points were installed along the edge of the lake to evaluate 
groundwater discharges to the lake, and soil samples were collected in the 
wetland (in the downgradient area of the drainage swale) to evaluate effects of 
overland flow. Although contaminants were detected in soil samples collected at 
the end of the drainage ditch in the wetland, the concentrations are generally 
significantly less than concentrations of these contaminants at the suspected 
source areas and further upgradient in the swale. Additionally, none of the 
detected concentrations of contaminants in groundwater in the well points 
exceeded FSWS. 

Groundwater samples were also collected from intermediate wells at the SA (i.e., 
wells screened from 19 to 29 feet bls). Results of these samples show that no 
significant downward migration of contaminants has occurred within the shallow 
aquifer. 

Filtered groundwater samples were 'collected during the RI and analyzed for TAL 
metals. Evaluation of filtered versus unfiltered groundwater sample results at 
the SA indicates that most inorganic contaminants detected in groundwater are not 
attributable to suspended solids. 

Based on the fate and persistence characteristics of the contaminants detected 
in soil and groundwater at SA 9, and the most likely transport mechanisms, it is 
expected that off-site migration of contaminants, including migration to Lake 
Baldwin, is limited, both in distance and variety of contaminants. .--7 
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A baseline risk assessment was completed for human and ecological exposure to 
environmental media at SA 9. The ELCR for human exposure (e.g., residents) to 
groundwater via ingestion was calculated to be 2x10m3, due mainly to the presence 
of alpha- and gamma-BHC, aldrin, dieldrin, heptachlor epoxide, and arsenic in 
groundwater at the SA. The noncancer risk estimates for the same human exposure 
to groundwater (HI-112 for the adult resident and HI-261 for the child resident) 
are due mainly to the presence of 2,4-dichlorophenol, MCPA, MCPP, and arsenic in 
groundwater. 

The ELCR associated with exposure to surface soil via ingestion, dermal contact, 
and fugitive dust inhalation are 3~10~~ for a lifetime resident, 2x10-e for a 
lifetime recreational user, 6~10~~ for a site maintenance worker, 3~10~~ for a 
commercial worker, and 1~10~~ for an excavation worker. The risk drivers for 
these risk estimates are alpha- and gamma-chlordane, beryllium, and arsenic. The 
noncancer risks associated with surface soil ingestion, dermal contact, and 
fugitive dust inhalation for all potential human receptors at the SA arse below 
USEPA's and FDEP's target HI of 1, except for child resident. The child resident 
HI of 2.4 is due mainly to the presence of MCPA, MCPP, and arsenic in surface 
soil. 

Risks to ecological receptors associated with exposures to contaminants in SA 9 
surface soil were evaluated for terrestrial wildlife. Lethal risks were not 
identified. Sublethal risks associated with ingestion of 4,4'-DDD and arsenic 
in surface soil and food items are predicted for small herbivorous mammals and 
insectivorous and carnivorous birds at SA 9. 

Reduction in terrestrial plant and soil invertebrate biomass used as forage 
material was evaluated. Terrestrial plants could potentially experience adverse 
growth and reproduction effects from exposure to aluminum in the surface soil at 
SA 9. However, no evidence of reduction in vegetative biomass was observed in 
the field at SA 9, and, therefore, adverse impacts to small mammals and bird are 
not likely. The results of the invertebrate evaluation indicated that it is 
unlikely that invertebrate biomass and/or abundance would be reduced such that 
small mammal and bird populations would be affected at SA 9. 

Potential risks associated with exposures to contaminants in SA 9 groundwater 
were evaluated for terrestrial plants in the forested wetland area and for 
aquatic receptors in Lake Baldwin. The growth and yield of terrestrial and 
wetland plants in the forested wetland area adjacent to SA 9 are not expected to 
be impacted. Risks to aquatic receptors were also evaluated, and this evaluation 
indicates that it is unlikely that groundwater discharge to the surface water of 
Lake Baldwin adjacent to SA 9 will pose an unacceptable risk to aquatic 
receptors. 

8.2.2 Conclusions for SA 9 Contaminants detected in soil and groundwater at SA 
9 during the RI and previous investigations can be attributed to former site 
activities. The contaminants detected in surface soil at SA 9 were primarily 
pesticides, herbicides, and related inorganics (arsenic). Herbicides and 
inorganics, primarily arsenic, are the contaminants of concern in groundwater. 

Excavation activities conducted as an IRA by SOUTHNAVFACENGCOM prior to the RI 
field investigation have remediated the contamination detected in the vicinity 
of the former work area, with the exception of the drainage swale running along 
the perimeter of the SA. 
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Contamination in soil and groundwater at SA 9 poses unacceptable cancer and 
noncancer risks to human receptors, including the potential resident, the 
recreational user, and the commercial worker. The contaminants contributing to 
these risk estimates include the following: 

. alpha- and gamma-chlordane, MCPA, MCPP, beryllium, and arsenic in 
surface soil, and 

. 2,4-dichlorophenol, alpha- and gamma-BHC, aldrin, dieldrin, heptachlor 
epoxide, MCPA, MCPP, and arsenic in groundwater. 

Risks to terrestrial plants, terrestrial invertebrates, wildlife, and aquatic 
receptors based on exposure to contaminants in surface soil and/or groundwater 
at OU 3 were evaluated in the ERA. Potential risks were identified for 
terrestrial wildlife exposed to surface soil. The contaminants contributing to 
this risk estimate include the following: 

. 4,4'-DDD in surface soil.' 

Concentrations of the chemicals of concern in surface soil and groundwater 
identified in the risk assessment were compared to screening values. The 
following observations were made: 

. 2,4-dichlorophenol was detected in 2 of 16 groundwater samples 
collected for SVOC analysis at SA 9 (well OLD-09-04 at 2 J and well 
OLD-09-12 at 200 pg/R). Only one of these detections exceeds the 
screening value of 110 pg/R (the USEPA Region III RBC for tap water); 
the other does not exceed any of its respective screening values. Well .-P 

OLD-09-12 is located on the west side of the drainage swale and the 
south side of Trident Lane. This is the area where, during the IRA 
investigation, a very strong odor of pesticides was noted. This well 
also had the highest concentrations of pesticides detected at the SA. 

. Concentrations of arsenic in seven surface soil samples and five 
groundwater samples exceeded their respective screening values (the 
background screening value of lmg/kg for soil and the primary drinking 
water standard and GCTL of 50 pg/R for groundwater). Sample locations 
where these exceedances occurred were co-located within or immediately 
adjacent to the drainage swale at the SA. 

. Concentrations of severalpesticides (alpha- and gamma-chlordane, 4,4'- 
DDD) exceeded their respective screening values in surface soil. 
Sample locations where these exceedances occurred were within the 
drainage swale located along the eastern edge of the site. 

. None of the detected concentrations of heptachlor epoxide (2 detections 
in 16 samples) exceeded its respective screening value (FGGC and GCTL 
of 0.2 fig/R). 

. One groundwater sample, from well OLD-09-12, contained concentrations 
of alpha-, delta- and gamma-BHC that exceeded their respective 
screening concentrations (FGGCs of 0.5 pg/J for alpha-BHC, 0.5 pg/R for 
delta-BHC, and FGGC/GCTL of 0.2 pg/R for gamma-BHC). Well OLD-09-12, 
is located on the west side of the drainage swale and the south side of /‘s 

NTGRIFSOU3 
PMw.05.99 8-8 



Trident Lane. This is the area where, during the IRA investigation, a 
very strong odor of pesticides was noted. 

. Concentrations of MCPA in one surface soil sample and two groundwater 
samples exceeded their respective screening values (SCG of 38,000 ,ug/kg 
and FGGC of 1,000 pg/R). Again, these sample locations were in the 
vicinity of the drainage swale. 

. None of the detected concentrations of MCPP in surface soil exceeded 
any of its respective screening values (SCG of 77,000 pg/kg and USEPA 
Region III RBC of 78,000 pug/kg). Concentrations of MCPP in six 
groundwater samples from the site exceeded their respective screening 
values (FGGC of 1,000 pg/R). Again, these sample locations were in the 
vicinity of the drainage swale. 

. None of the detected concentrations of iron in groundwater exceeded its 
respective screening value (USEPA Region III RBC of 11,000 pg/R for tap 
water). Concentrations of iron in 12 groundwater samples did exceed 
the Florida secondary drinking water standard and GCTL of 300 pg/J, but 
only 4 of those samples exceeded the background screening value of 
1,227 /Ig/R. 

. Dieldrin was detected in 16 soil samples; all of the detected concen- 
trations were below the Region III RBC of 40 s/kg - Dieldrin and 
aldrin were detected in one groundwater Sample (0.012 pg/R and 0.051 
pg/R respectively in sample 09G00601). Both concentrations exceed the 

'- RBCs and GCTLs, but neither exceeds its respective FGGC. 
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9.0 FEASIBILITY STUDY PROCESS 

The development of remedial alternatives for CERCLA sites consists of identifying 
ARARs, developing RAOs, identifying applicable technologies, and applying those 
technologies to site-specific conditions such that the alternatives will meet the 
RAOs (USEPA, 1988c). The NCP (USEPA, 1990) requires that a range of alternatives 
be evaluated to the maximum practicable extent. 

The first step in the FS process is to develop RAOs, which are media-specific 
goals established to protect human health and the environment. RAOs identify the 
CPC, media of interest, and exposure pathways and are established such that a 
range of alternatives couldbe evaluated that would achieve the objectives. RAOS 
for OU 3 are developed considering information presented in the RI which includes 
human health and environmental risk evaluations (Chapters 6.0 and 7.0). 

Once RAOs are identified, general response actions for each medium of interest 
are developed. General response actions typically fall into the foltlowing 
categories: no action, containment, excavation, extraction, treatment, or 
disposal, Any combination of these actions may be taken to satisfy the 
established RAOs. 

The next step in the FS process is to identify and screen applicable technologies 
for each general response action. This step eliminates those technologies that 
cannot be implemented technically. Those technologies that pass the screening 
phase are then assembled into remedial alternatives. It shouldbe noted that the 
purpose of the FS report for OU 3 is not to present all the possible variations 
and combinations of remedial actions that could be taken, but to ,present 
distinctly different alternatives representing a range of opportunities for 
meeting the RAOs. It is expected that these different alternatives could be 
modified during the Proposed Plan and decision process, and to a lesser extent 
during detailed design, to accomplish RAOs in a manner similar to the initially 
proposed alternative. This FS report does not present information on alterna- 
tives that fail to meet the RAOs, except for a no action alternative, which 
provides a baseline for comparison of all alternatives. 

Once remedial alternatives are identified, they are then described and analyzed 
in detail using seven criteria described in the NCP (USEPA, 1990), including 

. overall protection of human health and the environment; 

. reduction of toxicity, mobility, or volume of contaminants through 
treatment; 

. compliance with ARARs; 
e long-term effectiveness and permanence; 
e short-term effectiveness; 
. implementability; and 
. cost. 

Alternatives are evaluated against two additional factors, known as modifying 
criteria, following State participation and the public comment period for the FS. 
These are State acceptance and community acceptance. 

The results of the detailed analyses (for the first seven criteria) are 
summarized and compared. The alternatives are compared with each other using 
several criteria listed below. 
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Threshold criteria 

. protection of human health and the environment, and 

. attainment of Federal and State human health and environmental 
requirements identified for the site, 

Primary Balancing criteria 

. cost effectiveness; 

. use of permanent solutions and alternative treatment technologies or 
resource recovery technologies to the maximum extent practicable; and 

. preference for treatment that reduces toxicity, mobility, or volume of 
contaminants as a principal element. 

These criteria are required under CERCLA to be considered (TBC) during remedy 
selection. Modifying criteria, which include State and community acceptance, are 
also evaluated. State acceptance is evaluated when the State reviews and 
comments on the Draft FS report. A proposed remedial action plan (i.e., Proposed 
Plan) is then prepared in consideration of the State's comments. Community 
acceptance is evaluated based on comments received on the FS and Proposed Plan 
during a public comment period. Comments from the community are addressed in a 
responsiveness summary in the Record of Decision (ROD), which documents the 
identification and selection of the remedy. The entire FS process provides the 
technical information and analyses that form the basis for a Proposed Plan and 
subsequent ROD. .f--% 

The RI/FS process for OU 3 has been developed and executed under the guidance of 
the OPT. This group includes technical and management representatives of the 
SOUTHNAVFACENGCOM; FDEP; USEPA Region IV; and NTC, Orlando; as well as technical 
representatives from the environmental consultants involved in base closure 
activities. The OPT meets monthly to review and approve ongoing environmental 
activities at the base, including FS-related activities. 
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10.0 IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES 

This chapter presents the goals and objectives for remedial action at OU 3 that 
provide the basis for selecting appropriate RAOs and, subsequently, identifying 
remedial technologies and developing alternatives to address contamination at SAs 
8 and 9. To establish these objectives, regulatory requirements are first 
identified (Section 10.1). RAOs are defined based primarily on consideration of 
regulatory requirements and the results and conclusions of the RI (Section 10.2). 
Action levels and treatment levels'for media of concern as identified in the RI 
are then defined (Section 10.3). Volumes of affected media above action levels 
are defined (Section 10.4). Finally, general response actions appropriate for 
technology identification are evaluated (Section 10.5). The information 
presented in this chapter will be used to identify appropriate remedial 
technologies for the OU (presented in Chapter 11.0). 

10.1 DEVELOPMENT OF REGULATORY REQUIREMENTS. Regulatory requirements, or ARARs, 
are Federal and State human health and environmental requirements used to define 
the appropriate extent of site cleanup, identify sensitive land areas or land 
uses, develop remedial alternatives, and direct site remediation. 

NTC, Orlando is not listed on the National Priority List; therefore, remedial 
action at NTC, Orlando is not directed by the CERCLA. Instead, remedial action 
at NTC, Orlando is directed by the Navy's IR program. In this manner, ARARs, 
under the CERCLA definition set forth in the NCP, are not directly appropriate 
for use at NTC, Orlando. However, remedial activities at NTC, Orlando that are 
conducted in accordance with the IR program are being conducted in a manner 
similar to CERCLA guidance. Therefore, ARARs, in the form of regulatory require- 
ments, are identified in this section. 

CERCLA and the NCP require that remedial actions comply with State ARARs if they 
are more stringent than Federal' ARARs, are legally enforceable, and are 
consistently enforced statewide. The following sections define the components 
of ARARs, and provide the specific regulatory requirements appropriate to OU 3. 
Because the requirements are the same for both SAs that comprise OU 3, regulatory 
requirements are defined for the OU as a whole. 

10.1.1 Definition of ARARs The NCP defines two ARAR components: (1) applicable 
requirements, and (2) relevant and appropriate requirements. 

Applicable requirements are those cleanup standards, standards of control, 
and other substantive requirements, criteria, or limitations promulgated 
under Federal or State environmental or facility siting laws that 
specifically address a hazardous substance, pollutant, contaminant, 
remedial action, or other circumstance found at a CERCLA site. State 
standards that may be applicable are only those which (1) have been 
identified by the State in a timely manner, (2) are consistently enforced, 
and (3) are more stringent than Federal requirements. 

Relevant and appropriate requirements are those cleanup standards, 
standards of control, and other substantive requirements under Federal and 
State environmental and facility siting laws that, while not applicable to 
a hazardous substance, pollutant, contaminant, or remedial action, address 
situations sufficiently similar to those encountered at the CERCLA site so 
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that their use is well-suited to the particular site. Only those State 
standards that are identified in a timely manner and are more stringent /-? 
than Federal requirements may be relevant and appropriate. 

Applicability is a legal determination of jurisdiction of existing statutes and 
regulations, whereas relevant and appropriate is a site-specific determination 
of the appropriateness of existing statutes and regulations. Therefore, relevant 
and appropriate requirements allow flexibility not provided by applicable 
requirements in the final determination of cleanup levels. Once a requirement 
is identified as an ARAR, the selected remedy must comply with ARARs, even if the 
ARAR is not required to assure protectiveness. The general relevant and 
appropriate requirements apply only to actions at the site. Applicable 
requirements apply to both on- and off-site remedial actions. 

Other requirements TBC are Federal and State nonpromulgated advisories or 
guidance that are not legally binding and do not have the status of potential 
ARARs (i.e., they have not been promulgated by statute or regulation). However, 
if there are no specific ARARs for a chemical or site condition, or if ARARs are 
not deemed sufficiently protective; then guidance or advisory criteria should be 
identified and used to ensure the protection of human health and the environment. 

State and Federal regulatory requirements for OU 3 are categorized as follows: 

. chemical-specific (i.e., governing the extent of site remediation with 
regard to specific contaminants and pollutants); 

. location-specific (i.e., governing site features such as wetland, 
floodplains, and sensitive ecosystems and pertaining to existing f--x 
natural and man-made site features such as historical or archaeological 
sites); and 

. action-specific (i.e., pertaining to the proposed site remedies and 
governing the implementation of the selected site remedy). 

Compliance with regulatory requirements will be evaluated during the detailed 
analysis of remedial alternatives (Chapter 12.0). Chemical-, location-, and 
action-specific regulatory requirements are discussed in the following 
subsections and presented in Table 10-l. 

10.1.2 Chemical-Specific RegulatorvRequirements Chemical-specific requirements 
are standards that limit the concentration of a chemical found in or discharged 
to the environment. They govern the extent of site remediation by providing 
either actual cleanup levels or the basis for calculating such levels. Chemical- 
specific requirements for a site may also be used to indicate acceptable levels 
of discharge in determining treatment and disposal requirements, and to assess 
the effectiveness of remedial alternatives. 

Currently, there are no promulgated Federal or State chemical-specific regulatory 
requirements that are appropriate for OU 3 that would provide limits for the 
concentration of chemicals in soil. The State of Florida has provided SCTLs for 
sites in Florida (Chapter 62-785, FAC), and FDEP has indicated that these SCTLs 
should be applied to soil in the OU 3 FS. Therefore, the SCTLs, as well as the 
USEPA Region III RBCs, have been used as TBC requirements for soil. The 
chemical-specific regulatory requirements for soil at OU 3 were assigned to an ,*c 
individual chemical in the manner described below. 
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Table 10-l 
Synopsis of Federal and State Regulatory Requirements and Guidance Materials for OU 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Name and Regulatory Citation Description 
Consideration in the Remedial Action 

Process for OU 3 Type 

Federal Readatarv Requirements 

Clean Water Act (CWA), General Regulations for the introduction of pollutants from lf extracted and treated groundwater is dis- Action-specific 
Pretreatment Regulations for Existing nondomestic sources into POTWs, to control pol- charged to a POTW, the discharge must meet 
and New Sources of Pollution lutants that pass through, cause interference, or local limits imposed by the plant. 
(40 CFR Part 403) are otherwise incompatible with treatment proces- 

ses at the plant. 

CWA, National Permit Discharge Requires permits for discharge of any pollutant Remedial alternatives that involve discharging Action-specific 
Elimination System (NPDES) into the navigable waters of the United States. pollutants to navigable water will require a 
(40 CFR Part 122 and 125) Permits specify allowable concentrations of con- NPDES permit. 

taminants that may be present in the effluent 
stream. 

CWA, Water Quality Standards Ambient Water Quality Criteria (AWQC), which are Remedial actions that involve the discharge of Chemical-specific 
(40 CFR Part 131) nonenforceable, ecological- and human health- groundwater to a surface water body must con- 

based criteria, have been developed to establish sider the Federal AWQC in the absence of a 
water quality standards under the CWA. state surface water standard. 

Endangered Species Act Regulations The Act requires Federal agencies to take action to Endangered or threatened species may be pres- Location-specific 
(50 CFR Parts 81,225, 402) avoid jeopardizing the continued existence of ent in the vicinity of OU 3. If a planned remedial 

federally listed endangered or threatened species. action could potentially affect an endangered 
species, this regulation would apply. 

National Environmental Policy Act (NEPA) Contains the procedures for carrying out the exec- When choosing a remedial action, any possible Location-specific 
Wetlands, Floodplains, Important utive order on wetland protection (EO 11990). impact to wetlands should be considered and 
Farmland, Coastal Zones, etc. Requires Federal agencies to minimize the degra- mitigated. 
(40 CFR § 6.302[a]) dation, loss, or destruction of wetlands, and take 

steps to preserve and enhance the natural and 
beneficial value of wetlands. 

See notes at end of table. 



Table 1 O-l (Continued) 
Synopsis of Federal and State Regulatory Requirements and Guidance Materials for OU 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Name and Regulatory Citation Description 
Consideration in the Remedial Action 

Process for OU 3 Type 

Federal Regulatorv Resuitements (Continued) 

NEPA Wetlands, Floodplains Important 
Farmland, Coastal Zones, etc. 
(40 CFR Part 6) 

Appendix A sets forth the policy for carrying out ff a remedial action will be implemented in a Location-specific 
the floodplains EO 11966. This appendix requires designated floodplain, alternatives should be 
cleanup in a floodplain not be selected unless considered to reduce the risk of flood loss and 
determination is made that no practicable alterna- preserve and restore floodplains. 
tive exists. 

Resource Conservation and Recovery Act Defines listed and characteristic hazardous wastes These regulations would apply when determin- Chemical-specific 
(RCRA) Regulations, Identification and subject to RCRA. Appendix II contains the Toxicity ing whether or not waste on site is hazardous Action-specific 
Listing of Hazardous Wastes Characteristic Leaching Procedure. either by being listed or exhibiting a hazardous 
(40 CFR Part 261) characteristic as described in the regulations. 

RCRA Regulations, Standards Applicable These regulations establish procedures to be fol- lf a remedial alternative for OU 3 were to include Action-specific 
to Transporters of Hazardous Waste lowed when transporting manifested hazardous the off-site transportation of hazardous waste for 
(40 CFR Part 263) waste within the United States. treatment and/or disposal, transporters must 

meet these requirements. 

RCRA Regulations, LDRs for Contamin- 
ated Debris (40 CFR Parts 270 and 271) 

Hazardous debris, under these regulations, can be If a remedial alternative for OU 3 generates Action-specific 
managed so that treated, cleaned debris may be hazardous debris (e.g., if pavement or concrete 
disposed of as nonhazardous waste. Treatment contaminated with hazardous waste requires 
residuals containing the original contaminant removal), these regulations would apply to dis- 
remain a hazardous waste and must be disposed posal and/or treatment of that debris. 
of as such. 

Safe Drinking Water Act (SDWA) 
Regulations, Maximum Contaminant 
Levels (MCLs) and Maximum Contami- 
nant Level Goals (MCLGs) 
(40 CFR Part 141, Subparts B and F) 

Establishes enforceable standards (MCLs) for 
potable water for specific contaminants that have 
been determined to adversely affect human 
health. MCLGs are nonenforceable health goals 
established by USEPA. 

MCLs can be used for groundwater or surface 
waters that are current or potential drinking 
water sources. Nonzero MCLGs can be consid- 
ered potential relevant and appropriate require- 
ments for groundwater used as a current or 
potential drinking water source. 

Chemical-specific 

SDWA Regulations, Underground 
Injection Control Program 
(40 CFR Parts 144, 146, 147, and IWO) 

See notes at end of table. 

These regulations outline minimum program and 
performance standards for underground injection 
programs. 

lf a remedial alternative for OU 3 includes injec- 
tion into the aquifer, then these regulations 
would apply. 

Action-specific 



Table 1 O-l (Continued) 
Synopsis of Federal and State Regulatory Requirements and Guidance Materials for OU 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Name and Regulatory Citation Description 
Consideration in the Remedial Action 

Process for OU 3 Type 

Federal Guidance Material 

USEPA Region Ill Risk-Based This table contains reference doses and carcino- The chemical-specific soil and groundwater TBC 
Concentration Tables genie potency slopes for nearly 666 chemicals. values provided in this guidance are TBC values 

These toxicity constants have been combined with when evaluating these media in the risk assess- 
standard exposure scenarios to calculate chemical ment and the FS. 
concentrations corresponding to fixed levels of 
risk. 

State Reaulatorv Requirements 

Florida Rules on Permits Provides permitting requirements for water The regulation would apply to off-site CERClA Action-specific 
(Chapter 62-4, FAC) pollution sources and air emissions units. activities or non-CERClA remedial activities 

requiring air emissions or water discharge 
permits. 

Florida Surface Water Quality Standards Rule distinguishes surface water into five classes Because these standards are specifically tailored Chemical-specific 
(Chapter 62-302, FAG) based on designated uses and establishes ambi- to Florida waters, they should be used to estab- 

ent water quality standards (called Florida Water lish cleanup levels rather than the Federal 
Quality Standards) for listed pollutants. AWQC for remedial actions that involve the dis- 

charge of groundwater to a surface water body. 

Florida Groundwater Classes, Standards Rule designates the groundwaters of the State into These regulations should be used when deter- Chemical-specific 
and Exemptions (Chapter 62-520, FAG) five classes and establishes minimum “free from” mining cleanup levels for groundwater. 

criteria. Rule also specifies that Class I & II waters 
must meet the primary and secondary drinking 
water standards listed in Chapter 62-556, FAC. 

florida Underground Injection Control This rule establishes a State underground lf a remedial alternative for OU 3 includes injec- Action-specific 
Regulations (Chapter 62-522, FAC) injection control program consistent with the tion into the aquifer, then these regulations 

Federal requirements and appropriate to the would apply. 
hydrogeology of Florida. Five classes of injection 
wells are defined. 

See notes at end of table. 



Table 10-l (Continued) 
Synopsis of Federal and State Regulatory Requirements and Guidance Materials for OU 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Name and Regulatory Citation Description 
Consideration in the Remedial Action 

Process for OU 3 Type 

State Regulatory Requirements (Continued) 

Florida Drinking Water Standards 
(Chapter 62550, FAG) 

Rule adopts Federal primary and secondary drink- 
ing water standards and also creates additional 
rules to fulfill State and Federal requirements for 
community water distribution systems. 

The standards provided in this rule will be used 
when evaluating cleanup levels for groundwater 
at OU 3. 

Chemical-specific 

Florida Wastewater Facility Permits 
(Chapter 62-620, FAC) 

Establishes requirements for wastewater permits. If a remedial alternatives consists of the dis- Action-specific 
Because Florida is a designated state (i.e., has the charge of wastewater to navigable waters, the 
authority to implement the National Discharge substantive requirements of this rule would need 
Elimination System permits), one permit will suf- to be achieved. 
fice to meet both Federal and State discharge 
requirements. 

Pretreatment Requirements for Existing 
and New Sources of Pollution 
(Chapter 62-625, FAC) 

Rule establishes the authority of various bodies to 
implement pretreatment standards to control pol- 
lutants that pass through or interfere with treat- 
ment processes in domestic wastewater facilities. 

The regulation would apply to remedial activities Chemical-specific 
involving the discharge of remediation waters to 
a POTW. 

Florida Water Quality Based Effluent 
Limitations (WQBELs) 
(Chapter 62650, FAC) 

Requires that all activities and discharges, except The regulation would apply to remedial alterna- Chemical-specific 
dredge and fill, must meet effluent limitations tives that discharge contaminated groundwater 
based on technology or water quality. WQBELs to surface water. 
are determined by FDEP based on the characteris- 
tics of the receiving discharge, the receiving water, 
and the surface water criteria promulgated by 
FDEP. 

Hazardous Waste Rules 
(Chapter 62-730, FAG) 

These rules adopt by reference appropriate sec- 
tions of 40 CFR Parts 260 through 266 and estab- 
lished minor additions and exceptions to these 
regulations concerning the generation, storage, 
treatment, transportation, and disposal of hazard- 
ous waste. 

Based on the history of operations at OU 3 and Action-specific 
the chemicals used during operations, the 
wastes encountered at the OU may be classified 
as hazardous wastes, and these regulations 
would apply. 

See notes at end of table. 



Table 10-l (Continued) 
Synopsis of Federal and State Regulatory Requirements and Guidance Materials for OU 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Name and Regulatory Citation Description 
Consideration in the Remedial Action 

Process for OU 3 

Stste Guidance Materials 

Soil Cleanup Target Levels 
(Chapter 62-785, FAC) 

Provides risk-based cleanup target levels for con- The values in this guidance should be consid- TBC 
taminants in soil based on direct human contact. ered when determining cleanup levels for soil. 
Includes levels for residential, industrial, and leach- 
ing to groundwater exposure scenarios. Target 
levels are based on default site characteristics, but 
site-specific soil target levels may be calculated. 

Groundwater Cleanup Target Levels 
(Chapter 62-785, FAC) 

Provides risk-based cleanup target levels for con- 
taminants in groundwater based on ingestion. 

The values in this guidance should be 
considered when determining cleanup levels for 
groundwater. ’ 

TBC 

Notes: OU = operable unit. 
CFR = Code of Federal Regulations. 
POTW = publicly owned treatment works. 
EO = Executive Order. 
LDR = land Disposal Restriction. 
USEPA = U.S. Environmental Protection Agency 
TBC = to be considered. 
FS = feasibility study. 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act. 
FAC = florida Administrative Code. 
FDEP = Florida Department of Environmental Protection. 



For SVOCs, pesticides, and herbicides, the chemical-specific regulatory 
requirement was established as N--Y 

the Florida SCTL (if available, 
1 . including leaching values if the 

contaminant was also detected in groundwater), or 

. if a chemical did not have a Florida SCTL, then the USEPA Region III 
RBC. 

For inorganic chemicals, the chemical-specific regulatory requirement was 
established as 

. the higher value of the Florida SCTL (if available) and the background 
concentration, or 

. if a chemical did not have a Florida SCTL, then the higher value of the 
USEPA Region III RBC (if available) and the background concentration. 

Federal and State chemical-specific regulatory requirements are available for 
groundwater, and include Federal MCLs and Florida drinking water standards. The 
State of Florida has classified groundwater at OU 3 as G-II, indicating that it 
is a potential future source of drinking water for the state. Chemical-specific 
TBCs include the State of Florida's GCTLs for sites in Florida (the FDEP has 
indicated that these GCTLs should be applied to groundwater in the OU 3 FS) and 
USEPA Region III RBCs. (The GCTLs incorporate Florida and Federal drinkingwater 
standards by reference.) In this FS, the following rationale have been used to 
assign a chemical-specific regulatory requirement for groundwater to a particular 
chemical: /--X 

For SVOCs. pesticides, and herbicides, the chemical-specific regulatory 
requirement was established as 

. the Florida GCTL (if available), or 

. if a chemical did not have a Florida GCTL, then the Florida drinking 
water standard, or 

. if a chemical did not have a Florida GCTL or drinking water standard, 
then the Federal MCL, or 

. if a chemical did not have a Florida drinking water standard, a Federal 
MCL, or a Florida GCTL, then the USEPA Region III RBC. 

For inorganic chemicals, the chemical-specific regulatory requirement was 
established as 

. the higher value of the Florida GCTL (if available) and the background 
concentration, or 

. if a chemical did not have a Florida GCTL, then the higher value of the 
Florida drinking water standard (if available) and the background 
concentration, or 
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if a chemical did not have a Florida GCTL or drinking water standard, 
then the higher value of the Federal MCL and the background concentra- 

, or 

. if a chemical did not have a Florida drinking water standard or a 
Federal MCL or a Florida GCTL, then the higher value of the USEPA 
Region III RBC or the background concentration. 

Chemical-specific regulatory requirements for surface water include the FSWS) and 
the Federal AWQC. Lake Baldwin is a potential discharge option for an ex situ 
groundwater treatment option, and likely receives recharge from groundw,ater at 
ou 3, as well as surface runoff. Surface water in Lake Baldwin has been 
classified by the State of Florida as Class III water, indicating that its use 
is primarily for recreation and propagation and maintenance of a healthy, well- 
balanced population of fish and wildlife. 

10.1.3 Location-SnecificRePulatorvReouirements Location-specific requirements 
govern site features (e.g., wetland, floodplains, wilderness areas, and 
endangered species) and man-made features (e.g., places of historical or 
archaeological significance). These regulations place restrictions on 
concentrations of hazardous substances or the conduct of activities based solely 
on the site's particular characteristics or location. 

At OU 3, no wilderness areas or places of historical or archaeological 
significance exist. No State- or federally-listed rare, threatened or end,angered 
species are known to occur at OU 3, although gopher tortoises have been observed 
on the adjoining golf course, and other species have been confirmed elsewhere at 
NTC, Orlando (refer to Table 3-3). Vegetatedwetlands bordering Lake Baldwin are 
present at OU 3, and the loo-year floodplain of Lake Baldwin extends into 
portions of both SAs. Therefore, regulatory requirements addressing endsangered 
species, wetlands, and floodplains are considered. These location-specific 
requirements are included in Table 10-l. 

10.1.4 Action-Specific Regulatory Requirements Action-specific requirements are 
technology- or activity-based regulations that control activities for rlemedial 
actions. Action-specific regulatory requirements generally set perform,ance or 
design standards, controls, or restrictions on particular types of activities. 
To develop technically feasible alternatives, applicable performance or design 
standards must be considered during the detailed analysis of remedial alterna- 
tives (Chapter 12.0). Compliance with action-specific regulatory requirements 
will be analyzed during the detailed analysis of alternatives. The <action- 
specific regulatory requirements considered appropriate to OU 3 are summarized 
in Table 10-l and include 

. Federal Clean Water Act and Florida Drinking Water Standards rlequire- 
ments pertaining to discharges to a treatment works or navigable 
waters; 

. Federal Resource Conservation and Recovery Act (RCRA) requirements and 
Florida Hazardous Waste Rules pertaining to waste characterization, 
land disposal restrictions, and transportation, treatment, or disposal 
facility requirements; 

. Federal Safe Drinking Water Act requirements and Florida regulations 
pertaining to underground injection of groundwater to the aquifer; and 
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. Florida Rules on Permits pertaining to actions that would require an 
air or water discharge permit. Y----P 

10.1.5 TBC Criteria As previously stated, TBCs are Federal and State nonpromul- 
gated advisories or guidance that is not legally binding and does not have the 
status of being a potential regulatory requirement (i.e., has not been 
promulgated by statute or regulation). Currently, there are no promulgated 
Federal or State regulatory requirements that are appropriate for OU 3 that would 
provide limits for the concentration of chemicals in soil or groundwater. The 
State of Florida has provided SCTLs and GCTLs for sites in Florida (Chapter 62- 
785, FAC), and FDEP has indicated that these cleanup levels should be applied in 
the OU 3 FS. Therefore, the SCTLs, GCTLs, and the USEPA Region III RBCs will be 
used as TBC requirements and are included in Table 10-l. It should be noted that 
although RBCs are technically considered, no RBC values were used in this FS. 

10.2 IDENTIFICATION OF RAOs. RAOs are defined in the CERCLA RI/FS guidance 
manual as media-specific goals that are established to protect human health and 
the environment (USEPA, 1988~). The RAOs are typically based on CPCs, exposure 
routes, and receptors present or available at the site. RAOs will be identified 
for SAs at OU 3 by medium, and will consider the results of the RI, particularly 
the human health and ERAS, as well as the ARARs and TBCs identified in Section 
10.1. The media of concern, based on the results of initial site screening 
investigation and RI, are surface soil and groundwater. 

For this FS, RAOs will only be identified for a medium in which 

. a potential risk exists, as predicted in the human health and/or the "I 

ERAS, as documented in Chapters 6.0 and 7.0, respectively; and 

. there are exceedances of the appropriate ARAR or TBC values, as 
identified in Section 10.1. 

10.2.1 Considerations and Assumptions A number of factors have been taken into 
consideration in establishing RAOs for OU 3. First, NTC, Orlando is undergoing 
closure under the Base Realignment and Closure (BRAC) program. A BRAC Cleanup 
Plan has been developed for NTC, Orlando, that includes the proposed land reuse 
plan (ABB Environmental Services, Inc. [ABB-ES], 1996). The current proposed 
reuse for land comprising OU 3 is recreational, with residential use nearby 
(greater than 200 yards away, to the east). 

The HHRA conducted as part of the RI (Chapter 6.0) used a proposed reuse scenario 
that includes partialresidentialand recreational reuse, and therefore evaluated 
risk to residential, recreational, and construction users. 

Groundwater from the surficial aquifer at OU 3 is not currently used as a potable 
water source. Municipal hookups are available. All past and current drinking 
water at NTC, Orlando and surrounding areas has been derived from an aquifer at 
great depth (primarily the Floridan aquifer). There is no evidence of a direct 
connection between the shallow aquifer (impacted by surface contamination at 
OU 3) and the primary potable water supplies at NTC, Orlando. 

Because the closure, transfer, and redevelopment of NTC, Orlando is a high 
priority for the Navy and the local community, it is unclear what an acceptable f--k 
time frame for remedial actions may be. There are also legal implications 
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related to the transfer, including potential lease or transfer of land prior to 
cleanup; the need for land-use controls (LUCs); and future access by the Navy or 
its contractors to conduct O&M activities on treatment systems, or to perform 
monitoring. 

There is ongoing evaluation by the OPT of the potential for additiona‘l soil 
removal actions or building demolition and removal prior to implementation of the 
selected remedy for OU 3. Any physical or chemical changes to the site may 
require reevaluation of the recommended remedial alternative(s). 

The land adjoining OU 3 to the east was recently used (until June 1998) as a golf 
course. The golf course is located upgradient of OU 3. Presence of pesticides 
and herbicides, as well as arsenic, has been confirmed in surface soil and 
groundwater samples collected from locations across the golf course. The 
proposed reuse and/or remediation of the adjoining property, as well as the 
potential migration of contaminated groundwater onto OU 3, may have an impact on 
implementation of remedial actions and feasibility of achieving action levels at 
ou 3. 

10.2.2 RAOs for SA 8 Contamination in soil and groundwater at SA 8 poses 
unacceptable cancer and noncancer risks to human receptors under both residential 
and recreational exposure scenarios. The contaminants contributing to these risk 
estimates include 

. arsenic (under both exposure scenarios), and benzo(a)pyrene equiva- 
lents, MCPA, and MCPP (under residential exposure conditions only) in 
surface soil, and 

. arsenic, dieldrin, iron, MCPA, and MCPP in groundwater. 

The resulting RAOs for protection of human health are as follows: 

RAO 8-l Prevent ingestion of shallow groundwater that exceeds site-specific, 
health-based criteria for dieldrin, MCPA, MCPP, arsenic, and iron. 

PA0 8-2 Prevent use of shallow groundwater that exceeds chemical-specific ARARs 
and TBCs for dieldrin, MCPA, MCPP, arsenic, and iron. 

RAO 8-3 Prevent direct contact, ingestion, or inhalation by humans of surface 
soil containing PARS, MCPA, MCPP, and arsenic in excess of site- 
specific, health-based criteria. 

Risks to terrestrial plants, terrestrial invertebrates, wildlife, and aquatic 
receptors based on exposure to contaminants in surface soil and/or groundwater 
at SA 8 were evaluated in the ERA. Potenti-al risks were identified for 
terrestrial wildlife exposed to surface soil and terrestrial plants exposed to 
groundwater. The contaminants contributing to these risk estimates include 

. arsenic and cadmium in surface soil, and 

. arsenic and MCPA in groundwater. 

The resulting RAO for protection of ecological receptors is 

RAO 8-4 Limit ingestion of surface soil containing arsenic and cadmium by small 
mammals. 
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10.2.3 RAOs for SA 9 Contamination in soil and groundwater at SA 9 poses 
unacceptable cancer and noncancer risks to human receptors under a residential 
exposure scenario. Under a recreational site use scenario, there is no 
unacceptable risk posed to humans by soil contamination; however, the risk posed 
by groundwater contaminants is unacceptable. The contaminants contributing to 
these risk estimates include 

. alpha- and gamma- chlordane, 4,4'-DDD, MCPA, MCPP, beryllium, and 
arsenic in surface soil (residential exposure only), and 

. 2,4-dichlorophenol, alpha- and gamma-BHC, aldrin, dieldrin, heptachlor 
epoxide, MCPA, MCPP, and arsenic in groundwater. 

The RAOs established based on the risk assessment findings are listed below. 

RAO 9-1 Prevent ingestion of shallow groundwater that exceeds site-specific, 
health-based criteria for 2,4-dichlorophenol, alpha- and gamma-BHC, 
aldrin, dieldrin, MCPA, MCPP, arsenic, and heptachlor epoxide. 

RAO 9-2 Prevent use of shallow groundwater that exceeds chemical-specific ARARs 
and TBCs for 2,4-dichlorophenol, alpha- and gamma-BHC, aldrin, 
dieldrin, MCPA, MCPP, arsenic, and heptachlor epoxide. 

RAO 9-3 Prevent direct contact, ingestion, or inhalation by humans and 
terrestrial wildlife of surface soil containing alpha-chlordane, gamma- 
chlordane, 4,4'-DDD, MCPA, MCPP, and arsenic in excess of health-based 
criteria, assuming residential exposure. 

r*5, 
Risks to terrestrial plants, terrestrial invertebrates, wildlife, and aquatic 
receptors based on exposure to contaminants in surface soil and/or groundwater 
at SA 9 were evaluated in the ERA. Potential risks were identified for 
terrestrial wildlife exposed to surface soil containing 4,4'-DDD. Because the 
occurrence of 4,4-'DDD will be addressed with respect to human exposure, no RAOs 
will be established for protection of ecological receptors at this time. 

10.2.4 Summary of RAOs The RAOs identified for OU 3 address contamination in 
surface soil and groundwater at SAs 8 and 9 and are meant to be protective of 
human health and ecological receptors under actual current and future use 
scenarios. The RAOs for OU 3 are presented in Table 10-2: 

10.3 ACTION AND TREATMENT LEVELS. Action levels, or the concentrations of 
chemicals above which remedial action would be necessary, are defined for media 
of concern at OU 3 in Subsection 10.3.1. Treatment levels, or the concentrations 
of chemicals that any treatment technology would achieve if implemented, are 
defined in Subsections 10.3.2 (for in situ treatment technologies) and 10.3.3 
(for ex situ treatment technologies). The information presented in this section 
will be used to identify appropriate remedial technologies for OU 3 in Chapter 
11.0, and to evaluate those alternatives in Chapter 12.0. 

10.3.1 Action Levels Action levels are the concentrations of chemicals in 
contaminated media above which remedial action or control would be necessary. 
Specifically, action levels are identified in this subsection for surface soil 
and groundwater, as the RAOs established for OU 3 relate to these media only. 
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Table 10-2 
Remedial Action Objectives for Operable Unit 3 

- 

Study Area 

Study Area 8 

IWO&1 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida - 

Remedial Action Objectives 

Prevent ingestion of shallow groundwater that exceeds site-specific health-based 
criteria for dieldrin, 2-methy&chlorophenoxyacetic (MCPA), P-methyl-+chlorop- 
henoxypropionic acid (MCPP), arsenic, and iron. 

RAO S-2 Prevent use of shallow groundwater that exceeds chemical-specific ARARs and to be 
considered (TBCs) for dieldrin, MCPA, MCPP, arsenic, and iron. 

RAO 8-3 Prevent direct contact, ingestion, or inhalation by humans of surface soil containing 
polynuclear aromatic hydrocarbon, MCPA, MCPP, and arsenic in excess of site- 
specific, health-based criteria. 

RAO 84 

Study Area 9 

Limit ingestion of surface soil containing arsenic and cadmium by small mammals. 

RAO 9-1 Prevent ingestion of shallow groundwater that exceeds site-specific, health-based 
criteria for P&dichlorophenol, alpha- and gamma-BHC, heptachlor epoxide, aldrin, 
dieldrin, MCPA, MCPP, and arsenic. 

RAO 9-2 Prevent use of shallow groundwater that exceeds chemical-specific ARARs and TBCs. 
for 2,4dichlorophenol, alpha- and gamma-BHC, heptachlor epoxide, aldrin, dieldrin, 
MCPA, MCPP, and arsenic. 

RAO 9-3 Prevent direct contact, ingestion, or inhalation by humans and terrestrial wildlife of 
surface soil containing alphathlordane, gammachlordane, 4,4’-DDD, MCPA, MCPP, 
and arsenic in excess of health-based criteria, assuming residential exposure. lf 
recreational exposure is assumed, there is no risk to human health posed by the 
current conditions at the site. - 

Notes: RAO = remedial action objective. 
ARAR = applicable or relevant and appropriate requirement 
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Action levels for OU 3 were established for all CPCs in the human health and ERAS 
(Chapters 6.0 and 7.0, respectively) for which a chemical-specific ARAR or TBC "----- 

is exceeded and cancer and noncancer target risks are exceeded. These are the 
chemicals listed in Tables 10-3 and 10-4 for soil and groundwater, respectively. 

The selection criteria used to determine the action levels appropriate for the 
planned site use for OU 3 includ-ed.the si-te_specific, health-based RGOs for 
cancer and noncancer risks, and the chemical-specific ARARs and TBCs. These 
selection criteria are listed in Tables I-l and I-2 (Appendix I) for soil and 
groundwater, respectively. The process for selecting appropriate action levels 
is presented below, and included in Appendix I. The results are included in 
Tables 10-3 and 10-4 for soil and groundwater, respectively. 

For surface soil, the appropriate action level for each chemical was considered 
to be the highest of 

. the highest site-specific risk-based target level (cancer and non- 
cancer risks; Tables 6-11 and 6-20), 

. the Florida SCTL for direct exposure (residential), or 

. the Florida SCTL for leachability to groundwater or surface water (only 
if the chemical is a CPC for groundwater at the SA as well), or 

. the site-specific background concentration of a chemical (for inorganic 
compounds only). 

Site-specific risk-based target levels based on the proposed site reuse .----- 

(recreational) and the most conservative risk-based exposure assumption of 
residential reuse were both considered so that the feasibility of meeting and 
exceeding the RAOs could be evaluated. These exposure assumptions only affect 
evaluation of surface soil. 

One exception was made to the above selection process. In the case of arsenic, 
the selected soil criteria would be the SCTL for leachability to groundwater (29 
mg/W - The risk-based target levels based on a total ELCR of 1~10~~ are 0.43 
mg/kg (SA 8) and 0.40 (SA 9) for a. residential exposure scenario and 7.2 mg/kg 
(SA 8) for a recreational scenario (Appendix I, Table I-l). The ELCR target 
level for arsenic under a recreational exposure scenario is higher than the EPC; 
therefore, no action level for soil is necessary to be protective of humanhealth 
at SA 9. Because the ELCR target levels (residential) at both SAs are below the 
background screening concentration for arsenic (1.0 mg/kg), the residential 
action level proposed is 1.0 mg/kg. The recreational action level is 7.2 mg/kg 
(SA 8 only). Although the site-specific risk-based action levels are below the 
SCTL based on leachability to groundwater, given the site conditions (i.e., 
arsenic is present primarily in the arsenic III [more soluble] form), these risk- 
based action levels are proposed as a more conservative measure to ensure 
achievement of RAOs. 

For groundwater, the appropriate action level was considered to be the highest 
of those items listed below. 
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Table lo-3 
Comparison of Surface Soil Results to Selected Soil Criteria and Treatment Requirements 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Frequency Range of Mean of Maximum Selected 
Analyte of Detected Detected Detected Soil 

Detection’ Concentration Concentration’ Concentration Criteria3 

Study Area 8 

Semivolatile Organic ComDounds @g/kg) 

Benzo(a)anthracene 1?/55 31 to 1,300 210 1,300 1,400 

Benzo(a)pyrene 14155 36 to 1,100 210 1,100 100 

Benzo(b)fluoranthene 21155 43 to 3,700 350 3,700 1,400 

Benzo(k)fluoranthene 18/55 17 to 3,700 370 3,700 15,000 

Chrysene 1 a/55 41 to 1,900 250 1,900 140,060 

Dibenz(a,h)anthracene 5155 50 to 280 120 280 160 

lndeno(l,2&cd)pyrene 1 o/55 38 to 460 160 460 1950 
Herbicides @g/kg) 

MCPA 6/54 6,000 to 32,000 17,567 32,000 31,006 
MCPP 13154 3,700 99,ooo to 22,714 99,000 78,OW 
Inorganic Analvtes (mglkg) 

Arsenic4 43/55 1.4 to 90 15.5 90 1 ,‘7.254 

Cadmium 29/55 0.07 to 7.1 1.9 7.1 75 

Iron 52155 75.1 to 5,590* 1,049 5,590 23,ocm 

Cadmium 29/55 0.07 to 7.1 1.9 7.1 75 

Study Area 9 

Pesticides &g/kg) 

alpha-Chlordane 31132 0.43 to 4,600* 390 4,600 4,icm 

gamma-Chlordane 25132 0.086 to 5,100* 500 5,100 4,icm 

4,4’-DDD 18132 1.5* to 18,000* 1,500 18,000 4,500 
Herbicides @g/kg) 

MCPA l/25 67,000 67,006 67,000 31,060 

MCPP 3/25 13,660 to 77,000 51,000 ~,ooo 78,060 
Inorganic Analvtes (mglkg) 

Arsenic? 7132 2.9 to 20.2 8.2 20.2. 1 /NA4 

’ Frequency of detection is the number of surface soil samples in which the analyte was detected versus the total 
number of samples analyzed. 
’ The average of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. It 
does not include those samples in which the analyte was not detected. 
3 Refer to selected surface soil criteria in Appendix I, Table l-l. 
pget Level for direct ingestion in a residential setting. 

In most cases, this value is the Florida Soil Cleanup 

Selected soil criteria for arsenic based on residential and recreational excess lifetime cancer risk values (Chapter fi.0). 

Notes: &kg = micrograms per kilogram. 
NA = not applicable because selection criteria not exceeded. 
mg/kg = milligrams per kilogram. 
* = value is the average of a sample and its duplicate. 
DDD = dichlorodiphenyldichloroethane. . 
MCPA = 2-methyi-+chlorophenoxyacetic acid. 
MCPP = 2-methyl&chlorophenoxypropionic acid. 
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Table 10-4 
Comparison of Groundwater Results to Selection Criteria and Treatment Requirements 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Analyte 
Frequency Range of Mean of Maximum Selected 

of Detected Detected Detected Groundwater 
Detection’ Concentrations Concentrations’ Concentration Criteria3 

Study Area 8 

Pesticides @g/1) 

Dieldrin l/l4 

Herbicides @g/r 1 

MCPA 3115 

MCPP 5/15 

inorganic Analties &g/I) 

Arsenic 15/W 

Iron 12pa 

Study Area 9 

Semivolatile Organic Comoounds @g/r) 

2,4-Dichlorophenol 2116 

Pesticides (CrglL ) 

alpha-BHC 2/16 

gamma-BHC 4116 

Aldrin l/16 

Dieldrin l/l6 

Heptachlor epoxide 2116 

Herbicides fpgl! 1 

MCPA 9118 

MCPP 7118 

Inorganic Analvtes &g/L ) 

Arsenic a/i8 

Iron 16118 

0.019 0.019 0.019 

640 to 1,200 

200 to 900 

a33 

587 

1,200 

so0 

3.9 to 295 

198 t0 5,800 

108 

1,110 

295 

5,600 

2to 200 100 200 

0 0042 to 1 0.5 1 

0.0076 to 0.69 0.19 0.69 

0.051 0.05 0.051 

0.012 0.01 0.012 

0.044 to 0.1 0.07 0.1 

550* to 3,100 1,200 

0.36 to 1,900 l,W 

3,100 

1,900 

2.2 to 264 78.7 264 

53.6 to 5,090 1,020 5,090 

0.005 

3.5 

7 

50 

1,227 

44.7 

0.01 

0.2 

0.005 

0.005 

0.2 

3.5 

7 

50 

1,227 

’ Frequency of detection is the number of confirmatory samples in which the analyte was detected &&the tot;‘ ” ” 
number of confirmatory samples analyzed. 
2 The average of detected concentrations is the arithmetic mean of all confirmatory samples in which the analyte was 
detected. It does not include those confirmatory samples in which the analyte was not detected. 
3 Refer to selected groundwater criteria in Appendix I, Table l-2. 

Notes: pg/r = micrograms per liter. 
MCPA = 2-methykt-chlorophenoxyacetic acid. 
MCPP = 2-methyl+chlorophenoxypropionic acid. 
* = value is the average of a sample and its duplicate. 
BHC = hexachlorocyclohexane. 
NA = not applicable because selection criteria not exceeded. 
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For organic chemicals, 

. (1) the Florida GCTL (higher of the groundwater or freshwater surface 
water values); 

. (2) the Florida drinking water standard (if available); and 

. (3) if no Florida drinking water standard existed, then the Federal MCL 
(if available). 

For inorganic chemicals, 

. the criteria selected using the hierarchy as listed for organic 
chemicals in groundwater; and 

. the site-specific background concentration. 

It should be noted that the potential for groundwater from OU 3 to discharge to 
surface water (Lake Baldwin) was assumed in the RI. Comparison of groundwater 
concentrations, from multiple well points installed along the shoreline, to 
surface water standards identified-only one location at SA 8 (OLD-08-13) where 
arsenic concentrations exceeded the Florida surface water criteria (Chapter 4.0). 
Additional data were collected to support evaluation of the potential surface 
water exposure pathway within the human health and ERAS (Chapters 6.0 and 7.0). 
Therefore, surface water quality standards (GCTLs applicable to freshwater 
surface water) were included in the selection criteria for groundwater. 

In order to determine the CPCs for this FS, concentrations of the CPCs detected 
in each medium, as identified by risk evaluation, were compared to their 
corresponding action level. If the maximum concentration of a chemical in a 
particular medium was greater than the appropriate selection criterion, thLen the 
chemical was considered a CPC for this FS. This comparison is presented in full 
in Appendix I, Tables I-l (for surface soil) and I-2 (for groundwater), and 
summarized in Tables 10-3 and 10-4. The comparison shows that surface soil 
remediationmust consider PAHs, MCPA, MCPP, beryllium and arsenic at SA 8; alpha- 
chlordane, gamma-chlordane, 4,4'-DDD, MCPA, MCPP, beryllium, and arsenic at SA 
9; and that groundwater remediation must consider dieldrin, MCPA, MCPP, arsenic, 
and iron at SA 8; and alpha-BHC, gamma-BHC, aldrin, dieldrin, heptachlor epoxide, 
MCPA, MCPP, arsenic, and 2,4-dichlorophenol at SA 9. 

10.3.2 In Situ Treatment Levels This subsection presents the treatment levels, 
or the concentration of a chemical to which surface soil or groundwater woluld be 
treated using in situ technologies. These levels apply to remedial alternatives 
identified for soil or groundwater.(Chapter 11.0) where soil or water would not 
be excavated or extracted during the treatment process. 

10.3.2.1 Surface Soil For in situ soil treatment alternatives, the treatment 
levels would be the action levels, as presented in Subsection10.3.1. Table 10-3 
summarizes the applicable treatment levels for in situ treatment alternatives. 

10.3.2.2 Groundwater For in situ groundwater treatment alternatives, the 
treatment levels would be the action levels as presented in Subsection 10.3.1. 
Table 10-4 summarizes the applicable treatment levels for an in situ treatment 

-alternative. 
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10.3.3 Ex Situ Treatment Levels This subsection presents ex situ treatment 
levels for contaminated groundwater only. Ex situ treatment levels for soil are 
the same as for in situ (i.e., action levels; see Table 10-3). For groundwater, 
if an ex situ treatment alternative were considered, the treatment level would 
depend on (1) the concentration of.chemicals in extracted groundwater, and (2) 
acceptance criteria of the receiving water for treated groundwater (e.g., 
groundwater, surface water, or WWTP). Any ex situ treatment alternative would 
be designed to treat chemicals in extracted groundwater at concentrations higher 
than these acceptance criteria. 

The following paragraphs present the treatment levels for extracted groundwater 
for each potential receiving water. Because extracted groundwater may contain 
chemicals for which no action levels were established, yet there may be action- 
specific ARARs relating to discharge levels or permit requirements, treatment 
levels were established using the CPC list from the RI risk assessment. 

10.3.3.1 Treated Groundwater Discharged to Groundwater An ex situ treatment 
alternative for groundwater that includes a discharge to groundwater component 
would be designed to treat chemicals whose concentrations are greater than the 
selected groundwater criteria. These criteria are the same as the action levels 
for groundwater and the treatment levels for an in situ treatment alternative. 
For this alternative, the concentrations of chemicals in extracted groundwater 
were assigned as the maximum detected concentrations shown in Table 10-4 as 
reported in the RI. It is expected, however, that the concentrations of these 
chemicals in extracted groundwater would be less than the maximum concentration 
from any one point. 

Table 10-4 presents a summary of the treatment levels for a groundwater ,,---y 

alternative that includes a discharge to groundwater component. 

10.3.3.2 Treated Groundwater Discharged to Surface Water An ex situ treatment 
alternative for groundwater that included a discharge to surface water component 
would most likely discharge water to Lake Baldwin. The selection criteria for 
this discharge option are the Florida GCTLs (for freshwater surface water). 
These criteria are presented in Appendix I, Table I-3. 

In order to identify which chemicals in the extracted groundwater would require 
treatment prior to discharge to surface water, the maximum concentration of each 
CPC in extracted groundwater was calculated using an FDEP weighted-average model. 
These calculations are provided in Appendix J. The extracted concentrations are 
compared to the selection criteria in Table 10-5. Results. indicate that at SAs 
8 and 9, pretreatment for arsenic and manganese would be required, and at SA 9 
pretreatmentwould also be required for gamma-BHC, gamma-chlordane, dieldrin, and 
heptachlor epoxide. 

10.3.3.3 Treated Groundwater Discharged to Publicly Owned Treatment Works (POTW) 
An ex situ treatment alternative that included a discharge to a WWTP component 
would discharge to the City of Orlando's STP. 

Discharge criteria for the City of Orlando's STP were considered. NTC, Orlando 
currently holds a permit to discharge industrial wastewater to the Orlando STP 
(Permit No. CO67QA; Appendix K), which stipulates discharge limitations to the 
treatment plant (Table 10-6). The permit does not stipulate discharge limits for 
specific organic compounds (e.g., SVOCs, pesticides, and herbicides) but does l---? 
limit total toxic organics to 2,130 pg/R. When comparing specific inorganic 
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Table lo-5 
Comparison of Groundwater Results to Surface Water Criteria and Ex Situ Treatment Requirements 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Frequency Range of Mean of Maximum Estimated Selected 
Analyte of Detected Detected Detected 

Concentration in 
SW 

Detection’ Concentrations Concentrations2 Concentration Extracted 
Groundwater’ 

Criteria’ 

Study Area 8 

Semivolatile Organic Compounds kg/t) 

Naphthalene l/15 25 25 25 25 620 

Pesticides and PCBs @g/t) 

Dieldrin l/l4 0.019 0.019 0.019 0 0.0019 

Herbicides @g/f 1 

MCPA 3115 640 to 1,200 833 1,200 169 NA 

MCPP 5115 2OOto900 587 90!3 274 NA 

Inorganic Analytes @g/t) 

Aluminum 9116 87.3 to 1,870 860 1,870 269 4,067 

Arsenic 15118 3.9 to 295 108 295 134 50 

Iron 12/18 198 to 5,800 1,110 5,800 364 1,227 

Manganese 16118 5.3 to 172 60 172 172 17 

Study Area 9 

Semivolatile Orsank Comwwnds @g/f) 

2,CDichlorophenol 2/16 2to200 100 200 36 790 

Naphthalene 6116 1 to63* 17 63 63 620 

Pestkiies and PCBs @g/i) 

alpha-BHC 2116 0 0042 to 1 0.5 1 0.12 NA 

delta-BHC 2116 0.021 to 0.3 0.16 0.3 0.3 NA 

gamma-BHC 4116 0.0076 to 0.69 0.19 0.69 0.18 0.08 

Afdrin l/l6 0.051 0.05 0.051 0.051 3 

gamma-Chlordane 4116 0.013 to 0.67 0.22 0.67 0.16 0.0043 

See notes at end of table. 



Table 10-5 (Continued) 
Comparison of Groundwater Results to Surface Water Criteria and Ex Situ Treatment Requirements 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Frequency Range of Mean of Maximum 
Estimated Selected 

Analyte of Detected Detected Detected 
Concentration in 

SW 
Detection’ Concentrations Concentrations* Concentration 

Extracted 
Groundwater’ 

Criteria4 

Pesticides and PCBs (pg/rI (Continuedl 

Dieldrin l/l6 0.012 0.01 0.012 0.01 0.0019 

Heptachlor epoxide 2116 0.044 to 0.1 0.07 0.1 0.02 0.0038 

Herbicides @g/L) 

2,4-D 14/18 0.0012 to 110 8.1 110 19.77 365 

MCPA . 9/w 550* to 3,100 1,200 3,100 1,162 NA 

MCPP 7118 0.36 to 1,900 1,000 I,- 845 NA 

Inorganic Analvtes @g/r ) 

Arsenic a/it3 2.2 to 264 78.7 264 86 50 

Iron 16118 53.6 to 5,090 1,020 5,090 819 1,227 

Manaanese 14118 3 to 152* 44.6 152 152 17 

’ Frequency of detection is the number of confirmatory samples in which the analyte was detected versus the total number of confirmatory 
samples analyzed. 
* The average of detected concentrations is the arithmetic mean of all confirmatory samples in which the analyte was detected. It does not 
include those confirmatory samples in which the analyte was not detected. 
’ Estimated contaminant concentrations in extracted groundwater are provided in Appendix J. 
4 Refer to surface water selection criteria in Appendix I, Table l-3. 

Notes: SW = groundwater. 
jig/1 = micrograms per liter. 
NC = not calculated because screening criteria not exceeded. 
MCPA = 2-methykt-chlorophenoxyacetic acid. 
NA = not available. 
MCPP = 2-methyL4chlorophenoxypropionic acid. 
* = value is the average of a sample and its duplicate. 
PCB = polychlorinated biphenyls. 
BHC = hexachlorocyclohexane. 
24-D = 2,4-dichlorophenoxyacetic acid. 



Table 10-6 
Comparison of Orlando Sewage Treatment Plant 

Discharge Limits to Maximum Detected 
Concentration in Groundwater at OU 3 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Pforfda 

Analytes’ Orlando STP 
Discharge timits 

Maximum Detected Maximum Detected 
Concentrations from Concentration from EXCeediUlce? 

Study Area 8 Study Area 9 O’WW 

Inorganic Analvtes @g/l J 

Aluminum NA 1,870 3,266 NC: 

Antimony l,ooO 3.7 3.5 No 

Arsenic 250 295 (my 264 (86)’ Yes 

Barium 10,orxl 42.1 42.6* NOI 

Beryllium 250 30.43 30.35 NOI 

Biological Oxygen Demand 3wooo NA NA NC: 

Cadmium 266 b.5 30.5 NC! 

Chromium (total) 1,006 3.4 3.7 NOI 

Cobalt 300 2.3 1.9* NC 

Copper zooo 9.5 56 NOI 

Lead 400 6.6 6.1 NO ,... 
Manganese 1,500 172 152* NO’ 

Mercury 5 30.19 0.11 No 

Nickel 706 11.4 9.7 No 

Selenium 500 34.4 34.4 No 

Silver 240 . 30.8 0.75 No 

Sodium 300,090 28,900 378,3CXJ No 

Zinc 1,900 Y51 %7.6 No 

Total Metals 10,900 NA NA NC: 

Total Phenols 500 NA NA NC: 

Total Suspended Solids 3oQooll 22,ooo 58,ooO No 

Total Toxic Organ& 2,130 NA NA NC: 

’ Constituents for which the Orlando STP gives a maximum concentration discharge value and for which analytical 
results are available for Operable Unit 3. 
* Values are taken from Industrial User Discharge Permit to groundwater, No. CO67QA between the City of Orlando and 
Naval Training Center, Orlando. 
3 Value was designated with a “U” qualifier, meaning the value was not detected at or above the detection limit. Listed 
value is the detection limit. 
4 Although the maximum detected concentrations exceed the discharge limit; the calculated extracted concentrations are 
below the limit. 

Notes: OU = operable unit. 
STP = Sewage Treatment Plant 
m/P = micrograms per liter. 
SA = study area 
NA = not available. 
NC = no comparison. 
* = value is the average of a sample and its duplicate. 
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constituents at OU 3, only arsenic exceeds the permit discharge criteria, 
assuming no treatment. Using a more realistic value. for~comparison (i.e., the 
calculated extracted groundwater concentration), concentrations of all inorganic 
CPCS, including arsenic, would be below the permit discharge criteria with no 
treatment required. 

-. 

For organic constituents in groundwater at OU 3, pretreatment of groundwater 
prior to discharge was considered. Table 10-7 summarizes the chemicals, in 
groundwater for which pretreatment would be ne,cessary if extracted groundwater 
were discharged to the POTW, in order to achieve the POTW's permitted discharge 
to surface water requirements. Based on the anticipated dilution of CPCs in 
extracted groundwater and comparison to Orlando's STP effluent criteria, only 
organic CPCs and aluminum (SA 8 only) would require pretreatment prior to 
discharge to the Orlando STP. 

10.4 VOLUMES OF AFFECTED MEDIA. Estimated volumes of contaminated soil and 
groundwater requiring remediation have been calculated based on data collected 
during the RI. For estimating purposes only, the extent of contamination is 
defined as the area encompassing all sampling points and depths at which one or 
more contaminants were detected at concentrations above screening criteria (refer 
to Section 10.3). These estimates are provided for both SAs. For evaluation 
purposes, separate volume estimates for surface soil only were prepared using 
risk-based criteria applicable to either residential or recreational reuse of 
ou 3. These data are used in the comparative analysis of treatment technologies 
(Chapter 13.0). 

10.4.1 Study Area 8 Soil and groundwater above action levels at SA B",>w,ill ;n 
require remedial action. Supporting calculations and figures are included in 
Appendix L. 

Soil - Residential Action Level. The estimated volume of contaminated surface 
soil requiring remediation at SA 8, assuming cleanup to residential reuse 
standards, was determined by adding the volumes from two separate areas of 
contaminated surface soil. The area of contamination is defined primarily by 
arsenic concentrations above the 1.0 mg/kg action level (i.e., background 
concentration). The larger area encompasses the former building complex (fenced 
areas) and extends eastward from the Lake Baldwin shoreline to the golf course. 
A depth of two feet was used for estimating purposes. This area is approximately 
315 feet by 375 feet. The second area is located on the wes,t side of Trident 
Lane, south of the former building complex, where it was thought that pesticide 
trucks may have been parked temporarily. This area is approximately 56 feet by 
56 feet. The total estimated volume of contaminated soil for these areas 
combined is approximately 9,000 yd3, including a significant amount of wetlands. 
This soil volume is used,to,develop cost estimates for soil alternatives in 
Chapter 12.0. 

Soil - Recreational Action Level. The estimated volume of contaminated surface 
soil requiring remediation, assuming recreational reuse of SA 8, was determined 
by calculating the area where contaminant concentrations exceed their respective 
action levels. Because the primary CPC in soil is arsenic, all other CPCs are 
colocated with arsenic, and the action level for arsenic under recreational reuse 
is based on the concentration that is protective of human health, the arsenic 
ELCR value at a factor of 1x10-" (7.2 mg/kg) was used to define the volume. This Y-l 
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Table 10-7 
Groundwater Ex Situ Pretreatment Requirements for Discharge to Orlando Sewage Treatment Plant 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Fforida 

Analyte 
Frequency Range of 

of Detected 
Detection’ Concentrations 

Mean of 
Detected 

Concentrations’ 

Maximum 
Detected 

Concentration 

Estimated 
Concentration in 

Extracted 
Groundwate? 

Orlando 
STP 

Effluent 
Criteria4 

Exceedance? 
C/es/W 

Study Area 8 

Semivolatile Otganic Comtxwnds (yglf ) 

Naphthalene l/15 25 

Pesticides and PCBs @g/f) 

Dieldrin l/l4 0.019 

Hstbicides @g/r) 

MCPA 3115 640 to 1,200 

MCPP 5115 200toQO0 

lnotaanic Analytes @g/r) 

Aluminum Q/18 87.3 to 1,870 

Arsenic 15/18 3.9 to 295 

Iron 12118 198 to 5,800 

Manganese 16118 5.3 to 172 

Study Area 9 

Semivolatile Organic Comtxxmds @g/f) 

2,4-Dichlorophenol 2116 2 to 200 

Naphthalene 6/16 1 to83* 

PesticideslPCBs @g/l) 

alpha-BHC 2/16 0 0042 to 1 

delta-BHC 2/16 0.021 to 0.3 

gamma-BHC 4116 0.0076 to 0.69 

Afdrin l/16 0.051 

gammaChlordane 4/16 0.013 to 0.67 

Dieldrin l/16 0.012 

See notes at end of table 

25 25 25 47,000 No 

0.019 0.019 0 5O.OOl9 No 

833 1,200 169 ‘72 Yes 

587 900 274 NA NC 

860 1,870 259 93 Yes 

108 295 134 250 No 

1,110 5,800 364 51,000 No 

60 172 172 1,500 No 

100 200 36 513 Yes 

17 63* 83 47,000 No 

0.5 1 0.12 ‘0.0116 Yes 

0.16 0.3 0.3 NA NC 

0.19 0.69 0.18 60.08 Yes 

0.05 0.051 0.051 61.3 No 

0.22 0.67 0.16 50.004 Yes 

0.01 0.012 0.01 50.0019 Yes 



Table 10-7 (Continued) 
Groundwater EX Situ Pretreatment Requirements for Discharge to Orlando Sewage Treatment Plant 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Analyte 
Frequency 

of 
Detection’ 

Range of 
Detected 

Concentrations 

Mean of 
Detected 

Concentrations* 

Maximum 
Detected 

Concentration 

Estimated 
Concentration in 

Extracted 

Orlando 
STP 

Effluent 
Exceedance? 

(Yes/W 
Groundwate? Criteria4 

Pesticides and PCBs @g/r) (Continued) 

Heptachlor epoxide 2116 0.044 to 0.1 0.07 0.1 0.02 50.002 Yes 

Herbicides @g/L ) 

2,4-D 14118 0.0012 to 110 8.1 110 19.77 ‘80 No 

MCPA Q/18 550* to 3,100 1,200 3,100 1,162 572 Yes 

MCPP 7118 0.36 to 1,900 l,ooO l,QOC’ 845 q NA NC 

Inorganic Analvtes @g/Z) 

Arsenic 8/18 2.2 to 264 78.7 264 86 250 No 

Iron 16118 53.6 to 5,090 1,020 WQo 819 61,000 No 

Manganese 14118 3 to 152* 44.6 152 * 152 1,500 No 

’ Frequency of detection is the number of groundwater samples in which the analyte was detected versus the total number of samples analyzed. 
2 The average of detected concentrations is the arithmetic mean of all samples in which the analyte was detected. R does not include those 
samples in which the analyte was not detected. 
3 Extracted groundwater contaminant concentration calculations are provided in Appendix J. 
4 Discharge criteria that the Orlando STP must meet. 
5 No analyte specific standard for Orlando STP effluent. Criteria defaults to GCTLs (Chapter 62-785, FAG) for discharge to surface water. If no 
GCTL, default to FDEP Surface Water Quality Standards, Class Ill (Chapter 62-302, FAG). 

Notes: STP = sewage treatment plant. * = value is the average of a sample and its duplicate. 
m/L = micrograms per liter. BHC = hexachlorocyclohexane. 
NC = not calculated. 24-D = 2,4-dichlorophenoxyacetio acid. 
PCB = polychlorinated biphenyl. POTW = publicly owned treatment works. 
MCPA = 2-methyl4chlorophenoxyacetic acid. FAC = Florida Administrative Code. 
MCPP = 2-methyl4chlorophenoxypropionic acid. GCTL = groundwater cleanup target level. 
NA = not available. FDEP = Florida Department of Environmental Protection. 
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area roughly corresponds to the portion of the site located within the fence 
(Figure 2-l). The volume under this reuse scenario (approximately 2,200 yd3) is 
significantly less than 9,000 yd3 requiring remediation under the residential 
scenario. The cost estimate for the recreational soil volume is compared to the 
cost estimate for the residential soil volume in Chapter 13.0. 

Groundwater. The estimated volume of contaminated groundwater requiring 
remediation at SA 8 was based on the observed vertical and horizontal extent of 
contamination. Assuming that essentially all source material (i.e., surface soil 
exceeding action levels) will be removed, and that there is no significant 
upgradient source of groundwater contaminants, the extent of static groundwater 
contamination can be approximated by the volume of water contained within the 
limits of observed groundwater contamination (i.e., the area encompassing all 
monitoring wells in which one or more CPC concentrations exceeds action levels). 
This area can roughly be defined as a cylinder with a radius of 150 feet and a 
depth of 20 feet, The depth estimate is based on a nonexceedance result for 
groundwater from a well screened from 19 to 29 feet bls. Using an effective 
porosity value of 0.35 for the surficial aquifer at SA 8, the estimated static 
volume of contaminated groundwater is approximately 4 million gallons. 

In order to more realistically evaluate groundwater treatment alternatives, a 
batch flush model was used to determine the number of pore volumes requiring 
extraction in order to achieve action levels for three CPCs (arsenic, MCPA, and 
MCPP). Model outputs were also used to estimate the period of operation required 
for an extraction system. For SA 8, extraction of approximately 3 to 24 pore 
volumes would be required to reduce concentrations of the three CPCs to action 
levels. Arsenic, MCPA, and MCPP were used in the model because the:y have 
relatively high retardation coefficients (2 to 24) combined with high concentra- 
tions at SA 8. The extraction system would have to operate for approximately 4 
to 38 years to achieve reduction to action levels. Complete model calculations 
are included in Appendix M and described in more detail in Chapter 12.0 
(groundwater ex situ alternatives). 

10.4.2 Studv Area 9 Soil and groundwater above action levels at SA 9 will 
require remedial action. Supporting calculations and figures are included in 
Appendix L. The estimated volumes are as follows. 

Soil - Residential Action Level. The volume of contaminated surfacle soil 
requiring remediation at SA 9 was calculated as follows. Because an effective 
IRA had been implemented at SA 9, the only remaining surface soil contamination 
is located in the drainage swale located along the eastern border of the SA 
(refer Appendix L). The drainage swale includes a northern and southern segment, 
which are joined by a 75-foot long, 18-inch diameter reinforced concrete culvert 
under Trident Lane. The length of the ditch encompassing contaminated soil 
sample locations is approximately 135 feet (excluding the culvert and any 
sediment it may contain), The estimated width of the ditch is 3 feet and the 
estimated depth of contamination is 2 feet, which roughly corresponds to the 
water table in this area. Based on these observations, approximately 30 yd3 of 
contaminated soil will require remediation at SA 9. 

Soil - Recreational Action Level. Assuming a recreational reuse scenario,, there 
are no areas where surface soil requires remediation at SA 9 because there is no 
risk posed by contaminants remaining in surface soil (refer to Chapter 6.0). 

NTC-RIFS.OU3 
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Groundwater. The estimated volume of contaminated groundwater requiring 
remediation at SA 9 was based on the observed vertical and horizontal extent of 
contamination, assuming that essentially all source material (i.e., contaminated 
surface soil) has been removed, and that the extent of contamination can be 
approximated by the volume of water contained within the limits of observed 
groundwater contamination. This area's long axis (trending roughly north-south) 
is 210 feet, its width is 90 feet, and its estimated depth is 20 feet. The depth 
estimate is based on a nonexceedance result for groundwater from a well screened 
from 19 to 29 feet bls. Using an effective porosity value of 0.35 for the 
surficial aquifer at SA 9, the. estimated static volume of contaminated 
groundwater is approximately one million gallons. 

In order to more realistically evaluate groundwater treatment alternatives, a 
batch flush model was used to determine the number of pore volumes requiring 
extraction in order to achieve action levels for three CPCs (arsenic, MCPA, and 
MCPP). Model outputs were also used to estimate the period of operation required 
for an extraction system. For SA 9, extraction of approximately 4 to 17 pore 
volumes would be required to reduce concentrations of the three CPCs. Arsenic 
MCPA, and MCPP was used in the model because they have relatively high 
retardation coefficients (2 - 24) combinedwith comparatively high concentrations 
at SA 9. The extraction system would have to operate for approximately 6 to 22 
years to achieve reduction to action levels. Complete model calculations are 
included in Appendix M and described in more detail in Chapter 12.0 groundwater 
ex situ alternatives. 

,- 

A -., 

10.5 GENERAL RESPONSE ACTIONS. General response actions describe potential 
medium-specific measures that may be employed to address RAOs. Potential .*-* 
response actions for CERCLA sites include the following general response 
categories: 

. no action/limited action, 

. containment, 

. treatment (either in situ or ex situ), and 

. disposal. 

Potential response actions for OU 3 are developed for surface soil and 
groundwater and are discussed in more detail in Chapter 11.0. For surface soil, 
these response actions include limited action, containment, in situ and ex situ 
treatment, and disposal. For groundwater, these response actions include limited 
action, containment, and in situ and ex situ treatment. 

To streamline the screening process for groundwater response actions, USEPA has 
published guidance in a document entitled Presumptive Response Strategy and Ex 
Situ Treatment Technologies for Contaminated Groundwater at CERCLA Sites (USEPA, 
1996). The purpose of this guidance is to utilize USEPA's past experience to 
speed up selection of cleanup actions, increase consistency in remedy selection 
and implementation, and reduce cost and time required to cleanup similar sites 
with similar contaminants. In addition, this guidance provides preferred 
technologies for ex situ treatment where extraction and treatment are part of the 
remedy. This presumptive remedy guidance was used to streamline the identifica- 
tion and screening process of groundwater alternatives in Chapter 11.0. 

NTC-RIFS.OU3 
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11.0 REMEDIAL ACTION ALTERNATIVES 

The approach and rationale leading to the development of remedial action 
alternatives for OU 3 are presented in this section. The development of remedial 
action alternatives for CERCLA sites consists of identifying app:Licable 
technologies, screening those technologies, and using the selected technologies 
to develop alternatives that accomplish RAOs identified in Chapter 10.0. For OU 
3, remedial alternatives will be developed to address surface soil and 
groundwater contamination at SAs 8 and 9. 

The NCP requires a range of alternatives be presented in the FS to the maximum 
extent practicable. The range of alternatives is divided into the following four 
major categories: 

. no action/limited action, 

. containment, 

. treatment (in situ and ex situ), and 

. disposal. 

The USEPA emphasizes the use of treatment technologies that reduce the toxicity, 
mobility, or volume of contaminants rather than remedial actions that only 
prevent exposure (containment alternatives) or that transfer the contaminated 
media off site (disposal alternatives). The primary goal of alternatives 
development is to present treatment technologies that are appropriate f'or CPCs 
in surface soil and groundwater at SAs 8 and 9. 

In the following sections, technologies that potentially achieve RAOs for each 
media are identified and evaluated. Technologies that pass the screening 
processes are used to develop remedial alternatives. Identification and 
screening of remedial technologies is presented in Section 11.1, and the 
development of alternatives is presented in Section 11.2. A detailed evaluation 
of the remedial alternatives is presented in Chapter 12.0. 

11.1 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES. The purpose of this 
section is to identify and screen technologies that address the RAOs identified 
for SAs 8 and 9. Technologies were identified based on a review of current 
literature, vendor information, and experience in applying technologies for 
similar sites with similar release characteristics. Only remedial actions and 
treatment technologies applicable to CPCs in surface soil and groundwater at OU 3 
were identified. 

Limited action, containment, in situ and ex situ treatment technologies, and 
disposal actions were identified for contaminated media (surface soil and 
groundwater) at SAs 8 and 9. 

. Limited actions involve no treatment, but provide limited protection to 
human health by implementing LUCs, including groundwater-use restric- 
tions. In addition, fencing may be installed to restrict access to the 
site. Soil and/or groundwater sampling would be conducted to assess 
whether or not CPC concentrations are decreasing over time through 
natural degradation or transport processes. 
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Containment actions provide protection to human health and the 
environment by preventing migration of or direct exposure to CPCs. .Y)-*- 
Containment technologies attempt to reduce potential routes of exposure 
or migration through isolation. For soil, containment typically 
consists of covering or capping the area with geotextile, soil, or 
other relatively impermeable material. For groundwater, containment 
typically consists of excavating a trench along the perimeter of the 
site or source areas and installing an impermeable vertical barrier 
(e.g., high density polyethylene [HDPE] liner, bentonite slurry) keyed 
into an aquitard or bedrock formation to prevent migration of CPCs with 
groundwater. 

. Treatment actions include technologies that specifically reduce the 
mobility, toxicity, or volume of CPCs in the affected media through 
biological, physical, or chemical processes. In this evaluation, in 
situ and ex situ treatment technologies are presented for both soil and 
groundwater. 

. Disposal actions involve the removal and disposal of affected media. 
In this evaluation, only soil will be considered for disposal alterna- 
tives because extracted groundwater would require some degree of 
pretreatment prior to discharge. Soil is excavated from the site and 
sent to an approved landfill (hazardous or nonhazardous landfill). 

11.1.1 Identification of Soil Treatment Technologies and Remedial Actions 
Several soil treatment technologies and remedial actions were identified to 
address CPCs in surface soil at SA 8 and 9. Descriptions of these potential 
remedial actions and technologies appear in the following subsections. For each 
technology and remedial action identified, a brief summary of the advantages and 
limitations of each technology or remedial action is listed in Table 11-l. In 
addition, site and waste characteristics are used to determine whether or not the 
technology is applicable for achieving RAOs. Site and waste characteristics 
include the following: 

-3 r 

. Site characteristics include site geology, hydrology, hydrogeology, and 
terrain; availability of space and resources to implement the tech- 
nology; and presence of special site features (e.g., wetlands, 
floodplains, or endangered species). Technologies that are clearly not 
amenable to site characteristics are eliminated from further consider- 
ation. 

. Waste c~haracteristics include contaminated media, types and concentra- 
tions of CPCs; and physical and chemical properties of the waste (e.g., 
volatility, solubility, mobility). Technologies that are clearly 
limited by these waste characteristics are eliminated from consider- 
ation. Waste characteristics particularly affect the feasibility of in 
situ methods, direct treatment methods, and land disposal (on site or 
off site). 

Supplemental technologies may be required for treatment of residuals and 
emissions generated during treatment. For example, gases generated during 
thermal desorption may require treatment prior to discharging to the atmosphere. 
The appropriate technology for treating the off-gas may be different for the 
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Table 11-l 
Identification of Remedial Actions and Treatment Technologies for Surface Soil at Study Areas 8 and 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Technology Applicability to 
or Advantages Limitations 

Remedial Action Site Characteristics Waste Characteristics 

Limited Action No intrusive actions or soil dis- No remedial actions are taken Applicable. Future use of the site Applicable. Based on the persistence 
turbance. Limited protection of at SAs 8 and 9. CPCs may is residential or recreational park- and fate of the CPCs, off-site migration 
human health through LUCs continue to leach into ground- land. Land-use controls, site of CPCs is expected to be limited. 
and groundwater restrictions. water. sampling and monitoring would Organic CPCs would be expected to de- 
Soil and groundwater sampling manage risks at the sites. grade over time and inorganics would 
conducted to assess whether or tend to be found sorbed to soil and sedi- 
not CPC concentrations are de- ment rather than off-site migration. 
creasing over time. 

Containment 

Capping Limits human contact and some CPCs remain in soil and possi- Applicable. Low-permeability cap Applicable. Placement of a synthetic 
ecological receptor exposure to bly leach into groundwater. does not exist. An impervious, liner would limit infiltration of precipita- 
CPCs. Limits infiltration of pre- May require O&M for cap stabil- synthetic membrane (HDPE) liner tion and leaching of CPCs into ground- 
cipitation and leaching of CPCs ity and integrity. covered with a soil layer would be water. A clean soil cover would mini- 
into groundwater. Low costs. placed over the site. Relatively mize direct contact exposure to CPCs in 

small site (~3 acres) amenable to existing surface soil at SAs 8 and 9. 
capping. 

In Situ Treatment 

Biodegradation Promotes biodegradation of Inorganic CPCs remain in soil. Applicable. Soil characteristics Not applicable. Although this technology 
organic CPCs. Low cost and Cleanup goals may not be and,saturated conditions are ame- is effective for organic contaminants 
low impacts to soil and environ- achieved. Injection of nutrients nable to biodegradation. (PAHs, pesticides, herbicides), inorganic 
ment. may increase contaminant mo- compounds such as arsenic would not 

bility. be treated. Arsenic is the primary CPC 
in soil at OU 3 and would not be treated. 

See notes at end of table. 



Table 1 l-l (Continued) 
Identification of Remedial Actions and Treatment Technologies for Surface Soil at Study Areas 8 and 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Technology 
or 

Remedial Action 

In Situ (Continuedl 

Advantages Limitations 
Applicability to 

Site Characteristics I Waste Characteristics 

Bioventing 

Electrokinetics 

Promotes biodegradation of organ- Inorganic CPCs remain in soil. Not applicable. Shallow vadose Not applicable. Although this tech- 
ic CPCs. Low cost and low imp- Cleanup goals may not be zone (approximately 2 to 4 feet) nology is effective for organic con- 
acts to soil and environment. achieved. Monitoring of VOC emis- is not conducive to efficient ap- taminants, inorganic compounds 

sions at surface would be required. plication of bioventing. such as arsenic would not be treated. 

Applicable to wide range of metals. High energy requirements, high Applicable. Shallow depth, per- Not applicable. This technology only 
Low impact to environment and costs, Not applicable to organics. meable soil, low clay content, addresses soluble metals; organic 
human health exposure. Applies to Electrode spacing limited to 3 me- low iron-oxide content, and satu- CPCs would not be addressed. Elec- 
saturafed and partially saturated ters. Requires extracting ground- rated conditions make this tech- trical power requirements could be 
soil. water for further treatment. nology suitable for treatment. excessive, thus high overall cost. 

Nonmetallic contaminants would re- 
main in the soil matrix. 

Phytoremediation Utilizes plants with natural abilities 
.to accumulate and/or degrade 
CPCs in soil. Low costs and low 
impact to soil and environment. 
Passive process, solar driven, 

May not achieve cleanup goals. Applicable. Shallow vadose Applicable. This technology has 
Slow CPC removal process - multi- zone, permeable soil, and satu- been effective in laboratory and field 
ple growing seasons required. rated conditions amenable for studies for heavy metals, PAHs, chlo- 
Harvested plants containing CPGs treatment. Technology is most rinated pesticides, and organophos- 
must be disposed of. Only bench- effective at <3 feet below sur- phate insecticides. This technology 
and pilot-scale tested. face, where roots are strong and applies to soluble CPCs in contami- 

there is high microbial activity. nated soil and groundwater. CPCs in 
soluble form are amenable to uptake 
by plant roots. 

Soil Flushing Most effective in removing water- Applicable to limited range of met- Applicable. Shallow vadose Not applicable. Soil flushing is more 
soluble species. Low impact to soil als and SVOCs. Limited success zone, permeable soil, low clay effective for organics than inorganics. 
and environment. Low energy on arsenic. Requires extracting content, and saturated conditions Technology would require extended 
requirements. Effective when com- groundwater for further treatment. make this technology suitable for time and multiple flushings to appr- 
bined with groundwater pump- and May not achieve cleanup goals. treatment. Potential risk of con- oath cleanup goals. CPCs with high 
treat-systems. Flushing solutions not effective in taminating the surficial aquifer sorption coefficients may resist flush- 

full-scale applications. from unrecovered flushing solu- ing and stay bound to the soil matrix. 
tion that contains CPCs. 

See notes at end of table. 



Table 1 l-l (Continued) 
Identification of Remedial Actions and Treatment Technologies for Surface Soil at Study Areas 8 and 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Technology Applicability to 
or Advantages Limitations 

Remedial Action Site Characteristics I Waste Characteristics 

In Situ Treetment (Continued) 

Solidification/ Stabi- S/S process converts CPCs into Auger/caisson method may not Applicable. Soil amenable to S/S Not applicable. S/S has limited effective- 
lization (S/S) their least soluble, mobile, and adequately mix CPCs under in due to shallow contaminated soil ness for treatment of SVOCs and arsenic, 

toxic forms through chemical situ conditions. Technology layer, moderate permeability, and especially in uncontrolled conditions (in 
and thermal reactions. Treated creates a larger volume of soil. high percentage of fine-grained situ). Due to concerns about long-term 
soil would retain soil-like consis- Long-term stability of CPCs in sand particles. Disturbance of stability of treated soil and increase in 
tency for reuse on site. stabilized soil unknown. plants and vegetation would still soil mass, S/S is not recommended by 

occur. the USEPA. 

IF.. Situ Treatment 

Soil Washing Applicable to metals and some High impact to environment; Applicable. Pinegrained sand Applicable. This technology is effective 
organics. Better control of treat- high energy use. Limited suc- particles, permeable soil, and for SVOC and heavy metals that sorb to 
ment process (mixing, washing) cess on arsenic removal in soil. saturated conditions make this silts and fine particles in soil matrix. 
over in situ methods. Waste Soil with high fraction of clays technology suitable for treatment. Technology offers the potential for recov- 
disposal volumes and costs (z 40%) not effective for soil cry of metals and can clean a wide-range 
reduced. washing. of organic and inorganic contaminants 

from coarse-grained soils. 

Solidification/ Stabi- S/S processes convert CPCs Limited data and success on Applicable. Finely graded sand Not applicable. S/S has limited effec- 
lization (S/S) into their least soluble, mobile, arsenic and SVOCs. May not particles, permeable soil, and tiveness for treatment of SVOCs and 

and toxic forms through chemi- achieve cleanup levels. High saturated conditions make this arsenic. Due to relatively low concentra- 
cal or thermal reactions. Treat- impact to environment; high technology suitable for treatment. tions of CPCs in soil, S/S would not 
ed soil would retain its soil-like cost. Technology creates a larg- achieve appreciable reductions in total 
consistency for beneficial reuse. er volume of soil. Long-term and TCLP concentrations in the soil ma- 

stability of CPCs in stabilized trix. Due to concerns about long-term 
soil unknown. stability of treated soil and increase in 

soil mass, S/S is not recommended by 
USEPA. 

See notes at end of table. 



Table 1 l-l (Continued) 
Identification of Remedial Actions and Treatment Technologies for Surface Soil at Study Areas 8 and 9 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Technology Applicability to 
or Advantages Limitations 

Remedial Action Site Characteristics I Waste Characteristics 

Ex Situ Treatment (Continuedl 

Incineration High destruction and removal 
efficiencies for organics. Prov- 
en technology for VOC and 
SVOC destruction. 

Not applicable to arsenic. High Not applicable. Although soil and Not applicable. This technology is effec- 
cost, high environmental im- sediment particles are well-sorted, tive for treatment of organic contami- 
pacts. Volatile heavy metals, fine-grained sand, high moisture nants; however, volatilization of toxic 
such as arsenic, enter gas content of soil, and saturated compounds such as metals (Le., arsenic) 
stream and require treatment. conditions would not be cost would be a detriment to human health 
Arsenic may react with other effective for treatment. and the environment. 
sulfur or chlorine forming more 
volatile, more toxic compounds. 

Disposal 

Excavate and Off- Easy to implement. Immediate 
Site Disposal cleanup and removal of CPCs 

in surface soil. No O&M com- 
ponent or cost. Standard exca- 
vation methods used with spe- 
cific decontamination pro- 
cedures for equipment and site 
workers. 

Notes: CPC = contaminant of concern. 
LUC = land-use restrictions. 
SA = Study Area. 
O&M = operation and maintenance. 
HDPE = high density polyethylene. 
< = less than. 
PAH = polynuclear aromatic hydrocarbon. 
VOC = volatile organic compound. 
SVOC = semivolatile organic compound. 
USEPA = U.S. Environmental Protection Agency. 
% = percent. 

No treatment or reduction in 
contaminant mobility, toxicity, 
or volume. 

Applicable. Due to the low vol- Applicable. Concentrations of CPCs are 
ume of contaminated surface soil below land disposal restrictions allowing 
(2,200 to 9,909 cubic yards), off- the soil to be disposed of in either a 
site disposal is a viable and cost- RCRA Subtitle C or Subtitle D landfill 
effective option. without pretreatment. CPC concentra- 

tions would most likely pass TCLP allow- 
ing soil to be disposed in solid waste 
landfill (Subtitle 0). 

TCLP = toxicity characteristic leaching procedure. 
RCRA = Resource Conservation and Recovery Act. 
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various technologies 
evaluate;i^*$i:, 9 ,::&, iy;ification of any supplemental 

technologies (i.e., air emissions, wastewater, etc.) is deferred to the detailed 
analysis of remedial alternatives (Chapter 12.0). 

11.1.1.1 Limited Action Under this scenario, no remedial actions are taken at 
SAs 8 and 9; however, LUCs would prohibit certain activities and uses of the land 
and groundwater. Furthermore, sampling and monitoring of soil and groundwater 
would be conducted to assess CPC concentrations over time. Five-year site 
reviews would be conducted to evaluate if remedial actions are required. 

11.1.1.2 Containment Capping is one form of containment action. For a capping 
alternative, a cover material (e.g., clay, soil, gravel, asphalt, or synthetic 
membrane) is placed over the area to be remediated. Impermeable or semi- 
permeable barriers can be constructed as part of a cap for the site, depending 
upon the cover material selected. Capped sites are often returned to their 
original state by reestablishing a vegetative layer. Some capped areas are used 
for other purposes, which may include beneficial reuse. 

11.1.1.3 In Situ Treatment In situ treatment of soil involves a variety of 
biological, physical and chemical treatment processes. Some of the feasible 
technologies are listed below. 

Biodegradation. Nutrients and amendments are added to surface soil, 
promoting biodegradation of contaminants. Injection wells or perforated 
piping can be used to distribute the nutrients to soil. 

Biovent ing. Air injection/extraction wells are installed at the site. 
Oxygen is delivered to unsaturated soil by forced air movement to increase 
oxygen concentrations and stimulate biodegradation. Nutrients and 
amendments may be added to surface soil, promoting biodegradation of 
contaminants. Monitoring and treatment of off-gases may be required. 

Electrokinetics. This process removes heavy metals and other contaminants 
from soil when the soil is electrically charged with a direct current. The 
movement of ions, particles, and water are transported under the influence 
of an electrical field. Cations bound to the soil will migrate toward the 
negatively-charged cathode/extraction well bringing the CPCs with it. The 
resulting extracted water would be treated in a purification system. 

Phytoremediation. This process utilizes plants with natural abilities to 
accumulate and/or degrade CPCs in soil. This technology involves removal 
of metals and certain organic compounds by direct uptake into plant tissue. 
Metal-tolerant plant species serve as hyperaccumulators to decrease the 
potential for exposure to CPCs and limit transport and migration of CPCs. 
Plant species indigenous to the area that are bioaccumulators must be 
planted and harvested over several growing seasons. 

Soil Flushing. Water or an aqueous flushing solution is applied to isoil by 
surface flooding, sprinklers, leach fields, or injection wells. The CPCs 
are mobilized by solubilization, formation of emulsions, or chemical 
reaction with the flushing solution. CPCs are leached into the groundwa- 
ter, which is then extracted and treated. Soil flushing chemicals may 
involve adjusting the pH of the soil, chelating metal contaminants, or 
displacing toxic cations with nontoxic cations. Soil flushing is most 
effective in removing water-soluble species. 
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Solidification/Stabilization (S/S). Contaminants are physically bound 
within a stabilized mass (solidification) and chemical reactions are ip-‘: 
induced between the stabilizing agent and contaminants to reduce their 
mobility (stabilization). S/S processes convert CPCs into their least 
soluble, mobile, and toxic forms through chemical or thermal reactions. In 
situ S/S may use an auger/caisson system and injector head systems to apply 
S/S agents to the soil. 

11.1.1.4 Ex Situ Treatment Ex situ treatment for soil involves a variety of 
biological, physical, and chemical treatment processes. Some of the feasible 
technologies are presented below: 

Soil Washing. Contaminants sorbed onto fine soil particles are separated 
from bulk soil in an aqueous-based system on the basis of particle size. 
The wash water may be augmented with a leaching agent, surfactant, pH 
adjustment, or chelating agent to help remove organics and heavy metals. 
Ex situ soil washing uses standard excavation methods, a soil homogeniz- 
ing/screening process, soil washing process, wastewater treatment, and 
emission control and treatment, as needed. 

s/s. Contaminants are physically bound within a stabilized mass (solidifi- 
cation) and chemical reactions are induced between the stabilizing agent 
and contaminants to reduce their mobility (stabilization). Ex situ S/S 
uses standard excavation methods, waste feeder/hopper, homogenizer/mixer, 
and pug mill with S/S agents to treat soil/sediments. 

Incineration. High temperatures (1,600 - 2,200 "Fahrenheit) are used to 
combust organic contaminants in soil. The effluent air stream would be ;/" 
treated to prevent organic vapors from entering the atmosphere. This 
technology may involve on-site thermal treatment or off-site treatment. 

11.1.1.5 Disposal Under this scenario, surface soil above action levels is 
excavated and transported to an approved off-site landfill. Excavated soil would 
be sampled and analyzed for hazardous waste characteristics. Depending on the 
analytical results, excavated soil would be disposed of in a hazardous waste 
landfill (RCRA Subtitle C) or solid waste landfill (RCRA Subtitle D). 

11.1.2 Screeninp of Soil Treatment Technologies and Remedial Actions Treatment 
technologies and remedial actions are screened to eliminate those that may not 
perform satisfactorily or reliably, or may not achieve the RAOs within a 
reasonable time frame. This screening process focuses on eliminating those 
technologies that have limitations for waste- and site-specific conditions. This 
screening step may also eliminate technologies based on inherent technology 
limitations. Technology limitations include, but are not limited to 

. the level of technology development (e.g., bench-, pilot-, or full- 
scale implementation); 

. performance or effectiveness in treatment of CPCs; 

. inherent construction, O&M problems; 

. cleanup time; 

. overall cost: and 
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Technologies that are unreliable, perform poorly, or are not fully demonstrated 
are eliminated in the screening process. The overall screening status for soil 
treatment technologies for SA 8 and 9 is presented in Table 11-2. A summary of 
the remedial actions and technologies retained for detailed analysis includes 

. limited action, 

. cam ing , 

. phytoremediation, 

. soil washing, and 

. excavation and disposal. 

11.1.3 Identification of Groundwater Remedial Actions Several groundwater 
remedial actions were identified to address CPCs in groundwater at SA 8 and 9. 
A description of these potential remedial actions are described in the following 
sections and include 

. limited action, 

. containment (vertical barriers, bentonite slurry walls), and 

. treatment (in situ and ex situ treatment). 

11.1.3.1 Limited Action Under this alternative, remedial actions would not be 
taken at OU 3; however, legally recorded groundwater-use restrictions would 
prohibit certain uses of the groundwater. Furthermore, sampling and monltoring 
of site groundwater would be conducted to assess whether or not CPC concentra- 
tions are decreasing over time via natural attenuation. Five-year site reviews 
would be conducted to evaluate if additional remedial actions are required. 

11.1.3.2 Containment Under a containment scenario, a trench would be excavated 
around the area of concern and filled with an impermeable barrier (e.g., HDPE 
liner, bentonite slurry, or synthetic membrane). Vertical barriers are most 
effective when the barrier is "keyed-in" to shallow aquitards or bedrock to 
minimize potential groundwater leakage to other aquifers. Plume immobilization 
techniques, such as subsurface containment barriers, may reduce plume mobility 
but do not reduce toxicity or volume of contaminants in the aquifer. Therefore, 
groundwater containment is removed from further consideration. 

11.1.3.3 Treatment Traditional and innovative in situ and ex situ technologies 
have been researched to address CPCs in groundwater at OU 3. Furthermore, 
technologies have been identified to address both organic and inorganic CPCs in 
groundwater. Remedial alternatives maybe a combination of organic and inorganic 
treatment steps for both in situ and ex situ alternatives. Ex si IX technologies 
are discussed in detail in Subsection 11.1.4 and in situ technologies are 
discussed in Subsection 11.1.8. . 

Technologies considered for this FS have been categorized based on their 
operating principles. One representative technology was then selected from each 
technology type for subsequent screening. This approach allows an effective 
comparison of technologies based on their basic operating principles rather than 
more subtle, vendor-specific characteristics, or variable configurations. 

Supplemental technologies may be required for residuals and emissions generated 
during groundwater treatment. For example, the vapor collection portion of an 
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Table 11-2 
Screening of Treatment Technologies for Surface Soil at Study Areas 8 and 9’ 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Technology 
or Remedial 

Action2 

Development . Treatment of CPCs4 O&M or 
Capital Cleanup Time* 

Overall System Screening 
Status? svocs Arsenic Intensive’ 

cost’ Reliabiliv Status 

Limited Action 

Limited Action Not applicable Not effective Not effective Neither Arsenic remains, Low Not applicable Retained. Human and ecological risks 
SVOCs may are relatively low for exposure to SA 8 
degrade over and 9 surface soil (HLA, 1998). Land- 
time. use restrictions, sampling and monitor- 

ing, and groundwater-use restrictions 
would manage risks at the sites. 
Organic CPCs would be expected to 
degrade over time. 

Containment 

Capping Full scale May limit 
leaching into 
groundwater. 

May limit 
leaching into 
groundwater. 

Neither Arsenic remains, Low 
SVOCs may 
degrade over 
time. 

High Retained. Provides a barrier that limits 
infiltration and leaching of CPCs into 
groundwater. Minimizes human and 
ecological receptor contact with SA 8 
and 9 surface soil. 

In Situ Treatment 

Biodegradation Full scale Effective Not effective O&M Long Average Average Eliminated. Not effective for treatment 
of inorganics. O&M intensive with 
long cleanup time. Would not achieve 
CPC cleanup goals for 
arsenic. 

Bioventing Full scale Effective Not effective O&M Average Low Average Eliminated. Not applicable to site con- 
ditions, Not effective for treatment of 
inorganics. Would not achieve CPC 
cleanup goals. 

See notes at end of table. 
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Table 11-2 (Continued) 
Screening of Treatment Technologies for Surface Soil at Study Areas 8 and 9’ 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Technology Development Treatment of CPCs4 O&M or 
or Remedial Capital Cleanup Time’ 

Overall System Screening 

Action* 
Status’ svocs Arsenic Intensives 

cost’ Reliability’ Status 

In Situ Treatment (Continued) 

Electrokinetics’ Pilot scale Limited Limited Both Average High Low Eliminated. Technology has limited 
effectiveness effectiveness effectiveness for SVOCs and inorgan- 

its. Both O&M and capital intensive. 
High overall cost and low system reli- 
ability. 

Phyto- Pilot scale Limited Limited O&M Long Low Low Retained. Applicable to site condition- 
remediation” effectiveness effectiveness s. Limited effectiveness for treatment 

of both SVOCs and inorganics. Low . 
overall cost. 

Soil Flushing Full scale Limited Not effective Both Long High Average Eliminated. Limited effectiveness for 
effectiveness treatment of SVOCs and not effective 

for arsenic removal. High overall cost. 

Solidification/ Full scale Limited Not effective Capital Short Average Low Eliminated. Limited effectiveness for 
Stabilization effectiveness treatment of SVOCs and not effective 

for arsenic removal, Long-term sta- 
bility of treatment unknown. 

Ex Situ Treatment 

Soil Washing Full Limited Limited Both Short High Average Retained. Technology is effective for 
effectiveness effectiveness treatment of both SVOCs and arsenic. 

Soil characteristics are amenable to 
treatment. Technology generates liq- 
uid and solid residuals which must be 
treated and disposed of. 

Solidification/ Full Limited Not effective Capital ShOit Average High Eliminated. Technology is not effec- 
Stabilization effectiveness tive for treatment of arsenic and limit- 

ed effectiveness for SVOCs. Not rec- 
ommended by USEPA for arsenic trea- 
tment. 

!nalnera?ion Fu!! 
* . M-d nffm.ti.ra bm!!ed Both Short I.“. “IIYVLI”” High h\iiei&~@ Eflminated. Not effective for treaimeni 

effectiveness of inorganic% High overall cost and 
both O&M and capital intensive. 

See notes at end of table. 
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Table 1 l-2 (Continued) 
Screening of Treatment Technologies for Surface Soil at Study Areas 8 and 9’ 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Technology 
or Remedial 

Action’ 

Development 
Status? 

Treatment of CPCs4 

svocs Arsenic 

O&M or 
Capital 

Intensive5 
Cleanup Time’ 

Overall System Screening 
cost’ Reliabiliv Status 

Other Treatment 

Excavate and 
Off-Site 
Disposal 

Not applicable Not effective Not effective Capital Short Average Not applied Retained. Due to the relatively low 
volume of contaminated surface soil 
(2,2c10 to 4,909 cubic yards), off-site 
disposal may be more cost-effective 
and easier to implement than on-site 
treatment. In addition, CPC concen- 
trations would most likely pass TCLP 
allowing soil to be disposed of in 
solid waste landfill (Subtitle D). 

’ Screening Matrix of Treatment Technologies adopted from Table 3-2 of the Remediation Technologies Screening Matrix and Reference Guide, prepared by the Department 
of Defense Environmental Technology Transfer Committee, USEPA, October 1994. 
’ Technology descriptions are provided in Subsection 11 .l .l. 
3 Development status of the technology is either in the pilot-scale stage, full-scale stage, or not applicable. 
4 Treatment of CPCs for each technology is considered “effective”, “limited effectiveness”, or “not effective” (i.e., does not reduce volume, toxicity, or mobility of CPCs). 
’ Technology is considered O&M intensive, capital intensive, both O&M and capital intensive; or neither O&M or capital intensive. 
’ Time required to clean up a “standard” site (approximately 20,OtXJ tons of contaminated soil) using the technology. A “short” duration is less than 0.5 years for ex situ 
treatment and 1 year for in situ treatment. An “average” duration is 1 year for ex situ treatment and l-3 years for in siru treatment. A “long” duration is more than 1 year for 
ex situ treatment and more than 3 years for in situ treatment. 
’ Overall cost includes design, construction, and O&M costs exclusive of mobilization, demobilization, and pre- and posttreatment. For contaminated soil and sediment, a 
“low” cost is considered less than $lgrJ/ton for treatment, an “average” cost is considered $100 to $3M)jton, and a “high” cost is considered greater than $39Cr/ton. 
’ The degree of system reliability and level of maintenance when using the technology. A “high” score is defined as a system that is highly reliable and requires low 
maintenance. An “average” score is a system that has average reliability and average maintenance. A “low” score is a system that has low reliability and high maintenance. 
’ Information on Electrokinetics obtained from USEPA Superfund Engineering Issue Treatment of Lead-Contemineted Soils, April 1991. 
lo Information on Phytoremediation obtained from Phyforemediefion Technology Summary Report prepared by Ground-Water Remediation Technologies Analysis Center, 
June 1995. 

Notes: CPC = contaminant of concern. 
SVOC = semivolatile organic compound. 
O&M = operation and maintenance. 
SA = study area. 
HLA = Harding Lawson Associates. 
USEPA = U.S. Environmental Protection Agency. 
TCLP = toxicity characteristic leaching procedure. 
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air stripping system may require treatment of organic vapors prior to exhaust. 
The effective treatment of residuals and emissions is dependent upon the 
treatment used. The identification of required supplemental technologies will 
be deferred to the detailed evaluation of remedial alternatives (Chapter 12.0). 

11.1.4 Identification of ExSitu Groundwater Treatment Technologies This isection 
presents the identification of groundwater extraction methods and the viable ex 
situ treatment technologies for organic and inorganic CPCs. 

11.1.4.1 Groundwater Extraction Methods To implement ex situ treatment 
technologies, contaminated groundwater must be extracted from the aquifer. The 
practicality of groundwater extraction depends on the hydrogeologic conditions 
at a site. Although pumping tests were not conducted at OU 3, hydrogeologic 
investigations at OU 3 indicate that groundwater extraction is practical. The 
water table is shallow (ranges from 1 to 6 feet bls) and groundwater discharges 
to the adjoining wetlands and Lake Baldwin. Furthermore, the soil at OU 3 
consists predominately of silty sand and sand-sized particles with an estimated 
porosity of 0.35. Slug tests conducted at OU 3 resulted in a hydraulic 
conductivity of 2.74 ft/day at SA 8 and approximately 0.068 ft/day to 0.209 
ft/day at SA 9. 

Extraction is a proven technology and has been successfully implemented at sites 
with conditions similar to OU 3. Groundwater can be extracted through wells or 
trenches. Wells can be used to extract groundwater from various depths within 
an aquifer; however, trenches typically extract only shallow groundwater. 

As extractionwells are pumped, a cone of depression is created around each well. 
This influences the localhydrogeology and causes groundwater to flow toward the 
wells, drawing contaminants in groundwater toward the pumping well. During an 
FS, the number of wells, well locations, and pumping rates are estimated. During 
detailed design, the estimated configuration is refined (through pilot test or 
modeling) to improve efficiency, while still capturing and extracting the 
contaminated groundwater. 

Modeled piezometric head contours for steady pumping conditions at SA 8 and SA 9 
are shown in Attachment C to Appendix M. These piezometric head contours 
indicate that there will not be a significant drop in head during steady state 
pumping of groundwater over time. As a result, the water table and groundwater 
hydraulics will not be adversely impacted during groundwater extraction 

11.1.4.2 Treatment of Organic Compounds Organic compounds have been identified 
as CPCs at OU 3. These compounds include SVOCs, pesticides, and herbicides. 
Specific constituents and their respective treatment levels are dependent upon 
the method of discharge. Anticipated treatment levels for each method of 
discharge were presented in Tables 10-5 and 10-7 in Chapter 10.0. This section 
presents treatment technologies that remove organic compounds from extracted 
groundwater and can achieve these treatment levels. These technologies are 
summarized in Table 11-3. 

Organic Adsorption. Adsorption is a process in which a substance is transferred 
from water to a solid medium. This technology is effective for VOCs and SVOCs. 
The molecule that accumulates or adsorbs at the water-solid interface is called 
the adsorbate, and the solid on which the adsorption occurs is the adsorbent. 
Common adsorbents in water treatment include activated carbon, ion exchange 
resins, adsorbent resins, metal oxides, and carbonates. While some of these 
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Table 11-3 
Screening of Organic Treatment Technologies for Extracted Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando. Florida 

Representative 
Technology Residuals and Emissions Operation and Maintenance Relative Effectiveness Recommendation 

Organic Adsoration 

Granular activated 
carbon (GAC) 

Produces spent carbon which 
must be regenerated or dis- 
posed of. 

Carbon must be changed and 
replaced. 

Adsorption media is a well 
demonstrated process to remove 
organic compounds and some 
inorganic compounds. 

Adsorption is more effective than 
air stripping, aeration, or oxidation 
for the removal of SVOCs and 
other synthetic organics. 

Retain. 

Oxidation 

Ultraviolet light (UV) 
with hydrogen peroxide 

Destroys VOCs and oxidizes most 
SVOCs, including chlorinated 
organics. 

Also effective in oxidizing 
inorganic compounds for subse- 
quent removal. 

Retain. Generates intermediate 
organic by-products if 
incomplete oxidation. 

Produces excess biomass 
sludge that requires removal, 
treatment, and disposal. 

clogging. 

Pretreatment of inorganics 
may be required to prevent 

Requires chemical expertise for 
effective dosing. 

High power requirements and 
cost to produce ozone and UV 
light on site. 

Biological Treatment 

Trickling filtration Variations in flow or concentration 
may require significant operator 
attention to prevent microorgan- 
isms from being killed. 

Requires frequent maintenance to 
continue effective degradation. 

Sensitive to variations in ground- 
water quality and flow rate. 

Some CPCs at OU 3 may not 
degrade aerobically. 

Eliminate. Pesticides and herbi- 
cides are difficult or slow to de- 
grade. In addition, presence of 
arsenic (t 3 valence) may be 
toxic to microorganism; therefore, 
it may limit effectiveness of treat- 
ment. Thriving biomass is critical. 

Notes: SVOC = semivolatile organic compound. 
VOC = volatile organic compound. 
CPC = contaminant of concern. 
OU = Operable Unit. 

4 
.) i I 



technologies are used primarily for' ihe treatment of inorganics, this section 
focuses on the following technologies for the treatment of organic compounds: 

. granular activated carbon (GAC) and 

. powdered activated carbon (PAC). 

Granular Activated Carbon GAG is a physical treatment technology in which 
groundwater is passed through a packed-bed reaction vessel filled with 
activated carbon. GAG adsorbs organic compounds and inorganic constitu- 
ents. Two GAC canisters are typically used in series to monitor break- 
through and to ensure treatment effectiveness. GAC can be used as either 
a polishing step or a pretreatment step, depending upon the other 
technologies used in the treatment system. The primary cost consideration 
is the regeneration or disposal of spent carbon. 

Powdered Activated Carbon PAC is used in a sequential process, by adding 
it to groundwater within a holding tank and then separating the water and 
PAC. After the PAC contacts the water, the carbon is allowed to settle, 
and the treated water is removed. PAC has advantages over GAC in that it 
has lower capital costs and allows greater flexibility in altering carbon 
doses as the water quality changes. The disadvantages are that the PAC can 
not be regenerated, the resulting sludge must be disposed of, and it is 
difficult to remove the spent carbon from the water. 

Recommendation These technologies have similar effectiveness in removing 
organic contaminants from groundwater. However, for comparative purposes, 
GAC will be used as the representative organic adsorption technology for 
screening. GAC treatment is easy to implement and has demonstrated 
effectiveness for removing organic compounds, such as those present in 
groundwater at OU 3. If an alternate adsorption media is identified that 
has advantages over GAG, it could also be used. An alternate adsorbent 
could be used in series with GAC or in place of GAC. 

Oxidation. This process involves destroying VOCs and certain SVOCs in groundwater 
by breaking molecular bonds of the target contaminants. This process is also 
effective for precipitating selected inorganic compounds, such as iron anld other 
multivalent cations. Oxidation has limited effectiveness for the removal of 
svocs. Oxidation is attractive for use at contaminated sites because the system 
has very low, if any, air emissions. The following three general categories of 
oxidation have been identified: 

. ultraviolet light and oxidation (W/OX), 

. ozone, and 

. hydrogen peroxide (H,O,). 

Ultraviolet Light W/OX is a process that enhances chemical oxidation by 
exposing contaminated water to ultraviolet light and a strong oxidizer. In 
this process, hydrocarbons are broken down into carbon dioxide and water. 
Oxidizers typically used with W/OX include hydrogen peroxide and ozone. 
W/OX occurs in a stainless-steel chamber containing vertica:Lly or 
horizontally mounted ultraviolet lamps. The process is the same for either 
oxidant (i.e., hydrogen peroxide or ozone); however, the manner in which 
the oxidant is introduced into the waste stream may differ. Hydrogen 
peroxide is blended into the.waste stream prior to entering the reactor, 
and ozone is piped to a sparging tank, and diffused as a gas into the 
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reactor. Treatability studies would be required to determine optimum 
operating parameters such as pH and chemical dosage. f-x 

Ozone Ozone is a highly-reactive gas that can be used alone or in 
combination with UV/OX. Alone, it is bubbled as a gas through diffusers 
into the water. In contrast to other types of chemical oxidants, ozone 
does not typically create organic residuals that remain in the waste stream .jl- -. -... 
after treatment. Ozone is an extremely powerful oxidant because it 
nonselectively oxidizes compounds dissolved in groundwater. However, ozone 
does have its limitations. Ozone is very reactive, and it may dissipate 
rapidly in natural water either by reacting with natural constituents or by 
spontaneous decomposition. The primary difference between ozone and other 
chemical oxidants is that ozone does not produce residuals (American Water 
Works Association [AWWA], 1990). 

Hvdroaen Peroxide H,O, is a moderately powerful liquid oxidizing agent that 
is usually shipped to the treatment plant and not generated on site. 
Hydrogen peroxide with ultraviolet light is more effective than hydrogen 
peroxide or ozone used alone. This process generates hydroxyl radicals 
that effectively oxidize VOCs and SVOCs (AWWA, 1990). 

Recommendation To minimize residuals created during oxidation and ensure 
complete destruction of organic compounds, W/OX with hydrogen peroxide is 
selected as the representative oxidation technology for subsequent 
screening. It is anticipated that W/OX with hydrogen peroxide can destroy 
the SVOCs (particularly pesticides and herbicides) detected at OU 3. 

Biological Treatment. This treatment is a common method of reducing the ,*c 
concentration of organic compounds in wastewater. The same techniques typically 
applied in wastewater treatment can be applied to groundwater treatment. 
Degradation of SVOCs may require many different types of microorganisms, 
operating under different environmental conditions, to efficiently degrade 
organic matter. Thus, both aerobic and anaerobic conditions (applied individ- 
ually or sequentially) will be considered for biological treatment. Aerobic 
biological reactors are potentially applicable to chlorinated and nonchlorinated 
vocs , SVOCs, PCBs, and some pesticides. Anaerobic biological reactors are 
potentially applicable to chlorinated VpCs and SVOCs. Biological treatment can 
be further categorized as either of the following processes: 

a 

. suspended growth, or . 

. attached growth. 

Suspended Growth Suspended growth systems include digesters and activated 
sludge processes. In these systems, the active biomass that metabolizes 
organic matter is suspended in the liquid and requires subsequent 
separation. The most critical parameter in the operation of a suspended 
growth process is the "sludge age." The sludge age is the average cell 
residence time in the reaction tank prior to removing and settling the 
accumulated biomass. A portion of the biomass is then returned to the 
reaction tank to stimulate continued microbial growth. This is a well- 
demonstrated, effective technology to biodegrade organic matter. The 
primary disadvantage is its susceptibility to toxic shocks, the undesirable 
residuals potentially created, and O&M required to maintain an effective 
biomass. 
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Attached Growth Attached growth systems include trickling filters, 
rotating biological contactors, and packed-bed reactors. In these systems, 
the active biomass is attached to an inert medium and forms a "fixed film" 
to biologically filter organic matter. Attached growth can be effective in 
reducing the concentrations of organic matter that pass near the biomass. 

Recommendation If biological treatment of extracted groundwater is 
desired, the most economical and feasible method that would achieve 
treatment levels would be discharge to the City of Orlando's STP, which 
uses a suspended growth biological process. This could potentially be used 
as a biological "polishing" step to augment other treatment processes. 

11.1.4.3 Treatment of Inorganic Compounds Arsenic has been identified as the 
primary inorganic CPC in groundwater. Specific constituents and their respective 
treatment levels are dependent upon the method of discharge. Anticipated 
treatment levels for each method of discharge are presented in Tables 10-5, 10-6, 
and 10-7 in Chapter 10.0. In addition to inorganic compounds that exceed action 
levels, the presence of other inorganic compounds can alter the performance and 
effectiveness of certain groundwater treatment processes. This section 
identifies treatment technologies that remove inorganic compounds from extracted 
groundwater and that avoid affecting groundwater treatment processes. 

It is anticipated that extracted groundwater will not contain large quantities 
of suspended solids because extraction wells will be fully developed. Thus, 
solids removal processes such as screening, flotation, and primary settling will 
not be required. Extracted groundwater will likely contain a mixture of 
dissolved solids with limited suspended solids. 

Solids removal typically requires a sequence of treatment technologies. 
Specifically, an efficient removal process would transform the majority of 
dissolved solids into suspended solids, and then separate those solids from the 
groundwater. Combinations of treatment technologies that achieve this objective 
are described below. 

Chemical Precipitation and Separation. Chemical precipitation is a treatment 
process typically used for the removal of heavy metals. The general principle 
of chemical precipitation is transforming solids from a dissolved form into a 
suspended form by increasing their oxidation state. Heavy metals are generally 
present as cations in groundwater. By adding an oxidation agent such as 
potassium permanganate, or a coagulant, and forming insoluble hydroxides (OH-) 
and carbonates (CO,-), the metal cations can be precipitated out of solution. 
Coagulant aids such as organic (anionic) polymers are used to improve the 
settling characteristics of precipitates. Coagulants commonly used include 
aluminum salts (e.g. alum), lime, and iron salts (e.g., ferric and ferrous 
sulfate) with lime. Chemical precipitation with ferric iron is recognized as the 
most effective and practical means of arsenic removal (Vance, 1995). 

Lime and related chemical additives may generate too much sludge for cost- 
effective handling. Also, the low flow rates typically used to extract 
groundwater (i.e., gallons per minute [gpm]) may settle lime too quickly and form 
hard solids that bind and foul equipment surfaces. Lime is generally less 
expensive than other chemicals, but it is more appropriate for large-scale 
operations at high flow rates (i.e., millions of gallons per day) to avoid the 
formation of hard residual solids. Thus, anionic polymers may be preferalble for 
the precipitation of inorganic compounds in extracted groundwater. 
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After precipitant dosing, clarification and/or filtration is required to separate 
the precipitate solids from the water. Clarification may be preferred after ,,'-Y 
precipitant dosing if low flow rates and a long detention time are anticipated. 
Conversely, filtration may be preferred after precipitant dosing if higher flow 
rates and a shorter detention time are anticipated. Clarification-and filtration 
could also be used in series to maximize the efficiency of precipitated solids 
removal, if required. 

If filtration is desired, either "depth" or "cake" filtration methods may be 
used. Depth filtration is typically accomplished with rapid-sand filters, which 
use a relatively thick bed to adsorb solids within the filter media. Conversely, 
cake filtration is typically accomplished with body-feed (precoat) and slow-sand 
filters, which use a relatively large surface area to retain solids on the 
surface of the filter media. Because of higher flow rates over a smaller surface 
area and less sensitivity to influent characteristics, a rapid-sand filter is 
preferred. The major disadvantage of rapid-sand filtration is that a higher 
level of O&M is required (Metcalf and Eddy, 1991). 

In summary, chemical precipitation with ferric iron salts, followed by 
clarification, will effectively remove inorganic compounds such as arsenic (CPC 
at OU 3). If the clarifier detention time required for adequate separation is 
too long, rapid-sand filtration could be used after the clarifier. Other 
chemical precipitants and separation techniques could be used in the ultimate 
design, but ferric iron addition and clarificationwillbe used to develop a cost 
estimate for subsequent screening of this technology sequence. 

Ion Exchange and Inorganic Adsorption. Ion exchange and inorganic adsorption are 
effective technologies to remove dissolved solids by transferring ionic compounds Y---Y 

to an adsorptive medium. Common media used for ion transfer include synthetic 
ion exchange resins and activated alumina. Ion exchange processes are generally 
ineffective for organic compounds (AWWA, 1990). 

Ion exchange and inorganic adsorption processes are generally effective in 
removing both suspended and dissolved solids if not impeded by high solids 
concentrations. Because of the efficiency of ion transfer mechanisms, filtration 
is typically not required after treatment. However, ion exchange resins and 
adsorptive media are sensitive to high loading rates. Thus, it is critical that 
the extracted groundwater does not overload the treatment unit. 

Ion exchange is a well-demonstrated adsorption technique that has been used 
effectively in numerous groundwater treatment applications. Thus, ion exchange 
will be used as the representative inorganic adsorption technology for subsequent 
screening. Innovative inorganic adsorption processes could be used in lieu of 
ion exchange if they achieve the appropriate treatment levels for this technology 
sequence. 

Membrane Filtration. Membrane filtration technologies include reverse osmosis, 
nanofiltration, ultrafiltration, and electrodialysis. Of these processes, 
reverse osmosis is theoretically the most effective in removing dissolved 
inorganic ions. Filtration isolates solid particles by running a fluid stream 
through a porous medium. The driving force is either gravity or a pressure 
differential across the filtration medium. Pressure differentiated filtration 
techniques include separationby centrifugal force, vacuum, or positive pressure. 

.!--? 
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For arsenic, reverse osmosis has been shown have a removal efficiency of 97 
percent; however, the removal efficiency dropped to 28 percent when used to treat 
arsenite (Vance, 1995). At OU 3, arsenite was the dominant species detected 
during the arsenic speciation study (HLA, 1998). 

Because of its demonstrated efficiency and wide application in groundwater 
treatment, reverse osmosis will be used as the representative membrane filtration 
technology for subsequent screening. Similar to ion exchange and inlorganic 
adsorption, alternate membrane units could be used in lieu of reverse osmosis 
provided they achieve the treatment levels for this technology sequence. 

Phytoremediation. Phytoremediation is the use of naturally occurring and 
genetically engineered vegetation to clean up or contain contaminated media. It 
is considered an innovative technology at this time because although the 
technology has shown to be very effective in specific situations, the processes 
are not well understood and they have been applied (in full-scale) to a 
relatively small but growing number of contaminated sites. 

To treat groundwater effectively, groundwater may be extracted and sent through 
a bed of plants for treatment. There are several mechanisms involving plants 
that accomplish removal, degradation, or stabilization of contaminated soil and 
water. Phytoextraction involves the direct uptake and translocation of 
contaminants into plant tissues. Ph$todegradation or phytotransformationinvolves 
the breakdown or transformation of contaminants by enzymes in plants (or 
exudates) into other harmless chemicals. Phytostabilization involves the use of 
plants to reduce the migration potential of contaminated soil. By planting, soil 
erosion via wind or water is reduced. Rhizofiltration involves the uptake of 
contaminants by plant root systems, which is where contaminants remain. 
Phytostimulation or assisted bioremediation involves selective stimulation of 
microbial action in the root zone of the soil strata to enhance biodegradation. 

In summary, phytoremediation is a promising technology with the potential to 
reduce arsenic and organic CPCs in groundwater at OU 3. Phytoremediation of 
arsenic in groundwater has yielded removal rates of up to 95 percent for arsenic 
using sunflower roots; and for VOCs and SVOCs, removal rates of 40 to 90 percent 
have been achieved using Brassica or B. Juncea plants. Rhizofiltration will be 
used as the representative phytoremediation technology for subsequent screening; 
however, alternative phytoremediation processes could be used in lieu of 
rhizofiltration provided they achieve the treatment levels for this technology 
sequence. 

11.1.5 Screening of Ex Situ Groundwater Treatment Technoloaies This section 
presents the screening of groundwater extraction methods and the viable ex situ 
treatment technologies for organic and inorganic CPCs on a separate basis. 

11.1.5.1 Groundwater Extraction Methods Extraction wells would be used at OU 3 
instead of trenching methods because extraction methods are a more aggressive 
approach to collect and treat groundwater. 

For a groundwater extraction system to be fully effective, it may have to be 
modified during the course of the remedial action, When multiple wells are 
pumped simultaneously, stagnation zones (areas where there is no groundwater 
flow) can develop. This can isolate pockets of contaminants. To capture these 
remaining pockets, the operational scheme may have to be changed by adjiusting 
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pumping rates, injecting clean water into some wells, or installing additional 
wells to replace those no longer effective. 

11.1.5.2 Treatment of Organic Compounds The NCP recommends screening of 
treatment technologies using the generalcriteriaof effectiveness, implementabi- 
lity, and cost. This evaluation for treatment of organic compounds in 
groundwater considers these criteria, but focuses on criteria specific to the 
technologies selected, including process residuals and air emissions, required 
O&M activities, and relative effectiveness. The screening of selected 
technologies andrecommendations for the development of remedial alternatives for 
organic compounds in extracted groundwater are summarized in Table 11-3. The 
technologies retained for detailed alternatives include 

. carbon adsorption with filtration and 

. W/OX with hydrogen peroxide. 

11.1.5.3 Treatment of Inorganic Compounds The screening of selected technologies 
and recommendations for the development of remedial alternatives for inorganic 
compounds in extracted groundwater are shown in Table 11-4. The technologies 
retained for detailed alternatives include 

. polymer addition and clarification, and 

. rhizofiltration. 

11.1.6 Identification of Discharpe Options for Treated Groundwater If 
groundwater is treated via .extraction--and"treatment,- the' following are three 
options for discharge of the effluent waste stream: 

N--x ; (. 
. discharge to surface water, 
. reinjection to groundwater, and 
. discharge to the Orlando STP. 

The selected discharge option dictates the degree of treatment required. 
Specific discharge criteria for various discharge options are presented in Tables 
10-5, 10-6, and 10-7 in Chapter 10.0. The three discharge options for extracted 
groundwater at OU 3 are described below. 

11.1.6.1 Discharge to Surface Water Groundwater extracted and treated may be 
discharged to Lake Baldwin via direct pipeline. Lake Baldwin adjoins OU 3. 
Anticipated treatment levels for organic and inorganic compounds for a discharge 
to surface water component are presented in Table 10-5. These treatment levels 
will be used for developing an appropriate treatment process (for both organic 
constituents and inorganics constituents) for extracted groundwater. However, 
actual treatment levels may be modified by the FDEP. A National Pollutant 
Discharge Elimination System (NPDES) permitwouldbe needed for discharge to Lake 
Baldwin. 

11.1.6.2 Reinjection to Groundwater Treated groundwater may be reinjected into 
the surficial aquifer through wells or infiltration trenches. For the purposes 
of this evaluation, it is assumed that the effluent would have to achieve the 
selected groundwater criteria presented in Table 10-4. However, similar to 
surface water discharge, FDEP may modify these treatment levels on a case-by-case 
basis. Specifically, a zone of recharge could be established for reinjection of 
the discharge, and the specified treatment levels may not need to be achieved 
within this zone. According to standards for Class G-I and Class G-II 
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Table 11-4 
Screening of Inorganic Treatment Technologies for Extracted Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Representative Technology Residuals and Emissions 
Operation and 
Maintenance 

Relative Effectiveness Recommendation 

Chemical Precipitation 

Ferric iron precipitation 
and clarification 

Ion Exchange 

Membrane Filtration 

Reverse osmosis 

Phytoremediation 

Rhizofiltration 

Produces a sludge that re- Batch process that requires high 
quires separation, treatment, maintenance for effective chem- 
and disposal. ical dosing. 

Ion exchange resin requires 
disposal and replacement or 
regeneration with concentrated 
waste stream. 

Molecular transfer membrane 
may require disposal and re- 
placement. 

Notes: % = percent. 
OU = operable unit. 
CPC = contaminant of conoern. 

None. 

Clarifier maintenance required. 

Requires technical expertise for 
resin maintenance. 

Requires technical expertise for 
membrane maintenance. High 
energy and power costs. 

Requires frequent maintenance 
to membrane. 

Effective in precipitating inorganic 
compounds, 

Batch process to maintain effec- 
tive chemical dosing. 

Adsorption media are sensitive to 
inorganic loading rates. 

Studies indicate only 27% effec- 
tive in removing arsenite, the do- 
minant species at OU 3. 

Retain. Ferric iron salts (e.g., ferric 
chloride) is very effective in removal 
of arsenic. 

Eliminate. Technology only mod- 
erately effective in reducing arsenic 
concentrations. 

Eliminate. Membrane requires a 
high level of expertise and main- 
tenance with limited effectiveness 
on arsenite removal. 

Harvesting and planting of plant 
species required over several 
growing seasons. 

Requires monitoring of phyto- 
remediation process. 

Studies show effectiveness in 
treating variety of CPCs. 

Technology relies on a combina- 
tion of physical, chemical, and 
biological processes, many of 
which are difficult to predict. 

Retain. Innovative technology with 
potential to reduce arsenic and or- 
ganic CPC concentrations. 



groundwater (Chapter 62-520.420, FAC), a zone of discharge allows for some mixing 
of the treated water and the aquifer, provided that the quality of groundwater ‘f--l 
outside that zone is not adversely affected. A request to discharge to 
groundwater would require FDEP approval. 

11.1.6.3 Discharge to Orlando STP The Orlando STP is an activated sludge STP 
with equipment and facilities for collection, primary treatment, secondary 
treatment, tertiary filtration, and disinfection of the final effluent. 

The Orlando STP relies primarily on its Bardenpho process to degrade organic 
matter prior to discharge. The STP is capable of providing treatment for 
extracted groundwater provided that constituents in the groundwater do not exceed 
the NTC, Orlando discharge requirements (Table 10-6). 

The advantage of discharging water to the STP is that the existing treatment 
capacity is utilized and only pretreatment would be required to reduce selected 
constituent concentrations to a level that can be effectively treated by the STP 
to meet their permit-required discharge limits. Anticipated pretreatment 
requirements for discharge to the STP are presented in Table 10-7. Organic CPCs 
are the only groundwater constituents that exceed*-the treatment levels, and thus ,_ 
would require pretreatment. 

11.1.7 Screenin of Discharge Options for Treated Groundwater For the detailed 
analysis, two methods of discharge are re%%nenc&b for-extracted groirnd+ater: 
discharge to Orlando STP and discharge to surface water. Reinjection into the 
aquifer is not recommended because the low hydraulic conductivity (2.74 ft/day 
at SA 8 and approximately 0.2 ft/day at SA 9) limits that reinjection rate and 
predictability of aquifer storativity. Treatment levels for discharge to surface f--l, 
water are different than treatment levels for discharge to Orlando STP. 
Therefore, separate remedial alternatives will be developed for both discharge 
options. 

The preferred option for discharge of extracted groundwater is to the Orlando STP 
for the following reasons: 

. The Orlando STP would provide treatment of inorganic and organic 
compounds found in extracted groundwater at OU 3. Pretreatment for 
organic compounds only would be required. 

. An industrial user's discharge permit (Permit No. CO67QA) is already in 
place between the Orlando STP and NTC, Orlando for discharge of 
wastewater (Appendix K). Therefore, a permit for discharge of treated 
water or pretreated water for OU 3 remedial action could be easily 
obtained. 

. The Orlando STP is the preferred discharge option for the OU 4 IRA, 
which is already being implemented. 

. The process for obtaining an NPDES permit for discharge of treated 
groundwater to Lake Baldwin could be costly and time consuming. 

11.1.8 Identification of In Situ Groundwater Treatment Technologies In situ 
technologies are processes that are 'capable ofl'removiiig'o?ganic compounds from 
groundwater without extracting the groundwater. In contrast to groundwater :- 

extraction and ex situ treatment, in situ treatment does not require discharge 
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of treated water. Additionally, only target organic constituents are treated, 
as opposed to treating nontarget organic constituents and inorganic compounds to 
achieve discharge limitations for extracted groundwater. In situ treatment 
technologies identified for OU 3 are presented below. 

Permeable Reactive Walls. A permeable reactive wall is an in situ wall 
constructed of zero-valent iron (or other zero-valent metal) material. The wall 
is installed in a location to intercept contaminated groundwater. As groundwater 
passes through the wall under natural groundwater flow conditions, the 
contaminants are removed through chemical and physical processes. This 
technology relies on the thermodynamic instability of carbon atoms inhalogenated 
organic compounds in a reducing environment, thus causing iron in the permeable 
reactive wall to be oxidized while organic CPCs are reduced. Once these 
chemicals have been reduced, degradation of the chemicals occurs. Arsenic would 
be removed from groundwater by dissolution, precipitation, or adsorption. 

Arsenic reduction to the elemental arsenic oxidation state and precipitation of 
native arsenic, or incorporation into secondary arsenic sulfide, has been 
proposed as a potential treatment technique using permeable reactive walls (McRae 
et al., 1997). In batch tests conducted using elemental iron, (McRae, et al,. 
1997) rapid removal of arsenic (V) from concentrations of 1,000 to < 3 over a 
two-hour periodwas observed. Similar exponents using arsenic (III) andmixtures 
of arsenic (III), and arsenic (V) indicated equally rapid removal rates. The 
applicability of elemental iron inpermeable reactive walls for permanent .arsenic 
removal and retention requires further investigation and studies (USEPA, 1998a). 

In addition to elemental iron, other minerals and sorptive media have been used 
to remove arsenic in groundwater. At the Tonolli Superfund Site in Nesquehoning, 
Pennsylvania, limestone is being used as the reactive media to remediate 
groundwater contaminated with heavy methods including arsenic, cadmium, (copper, 
cadmium, and zinc. Studies have been conducted in Sweden that used spodic B 
horizon soil (i.e, iron- and aluminum- rich soil with some organic content) to 
remove arsenic from groundwater. The results indicated that the use of spodic 
B horizon material as a reactive banner for arsenic removal is promising and 
potentially inexpensive (GWMR, 1997). 

The following are several classes'of reactive materials used to construct the 
permeable wall: 

. pH or Eh modifiers, 

. dissolution and precipitation minerals, 

. sorptive media, and 

. nutrient amendments 

These modifiers, minerals, media, and amendments affect the behavior of CPCs by 
altering solubility rates, aerobic conditions, degradation rates, sorption rates 
and metal immobilization. Reactive wall materials would be selected after 
treatability studies are conducted. 

In Situ Bioremediation. Enhancing the biological activity of selected groups of 
microorganisms can naturally degrade organic compounds. Specifically, organic 
CPCs can be degraded in either aerobic (oxygen-rich) or anaerobic (oxygen-poor) 
conditions. 

NTC-RlFS.OU3 
Phdw.05.99 11-23 



The following methods could potentially be implemented to increase the rate of 
natural biodegradation of organic compounds at OU 3: 

. induce anaerobic activity, followed by aerobic activity; 

. add an additional electron donor (e.g., methanol or lactic acid), as 
required; and 

. add nutrients, such as nitrogen and phosphorus, as required. 

Because of the variability of natural microbial processes, laboratory-scale 
biodegradation testing would be required to determine the microbial conditions 
present, as well as the limiting factors that may inhibit microbial growth. 

In Situ Chemical Oxidation. In situ chemical oxidation requires the injection 
of liquid chemical formulations into the contaminated portion of the aquifer. 
The following two reactive compounds commonly used for in situ oxidation of 
organic contaminants have been identified: 

. Fenton's reagent, and 

. potassium permanganate. 

In a Fenton's Reaction, hydrogen peroxide reacts with a ferrous ion to produce 
the hydroxyl radical, a powerful oxidizer. The hydroxyl radical progressively 
reacts with organic compounds to produce carbon dioxide and water. Chemical 
oxidation using potassium permanganate generates a reaction similar to that with 
Fenton‘% reagent, except the permanganate ion rather than hydrogen peroxide is 
used as the reagent. If chemical oxidation were implemented at OU 3, bench- and L--j 
pilot-scale tests would be necessary. 

11.1.9 Screening, of In Situ Groundwater Treatment Technolo!zies An evaluation of 
selected technologies using“the-s general' criteria recommended by the NCP 
(effectiveness, implementability, and cost) is presented in Table 11-5. This 
evaluation for OU 3 considers these criteria, but focuses on issues specific to 
the technologies selected. These issues include process residuals and air 
emissions, required O&M activities, and relative effectiveness compared to 
related technologies. The technology retained for detailed alternatives is 
permeable reactive wall treatment. 

11.2 DEVELOPMENT OF REMEDIAL ALTERNATIVES. This section presents a variety of 
remedial alternatives to address contaminated 'surface 'soil and groundwater at 
ou 3. Technologies and response actions that passed the technology screening 
process and meet RAOs are developed into alternatives in this section. These 
alternatives are intended to achieve the treatment levels identified for OU 3. 

Alternatives addressing contaminated surface soil (S) at OU 3 are labeled 
"Alternative S-x." Alternatives addressing contaminated groundwater (G) at OU 3 
are labeled "Alternative G-x." A description of surface soil alternatives is 
presented in Subsection 11.2.1 and groundwater alternatives are presented in 
Subsection 11.2.2. 

11.2.1 Surface Soil Alternatives The NCP requires that a range of alternatives 
be considered. To satisfy this objective, five alternatives have been developed "f--- 
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Table 11-5 
Screening of In Situ Treatment Technologies for Groundwater 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Representative Technology Residuals and Emissions Operation and Maintenance Relative Effectiveness I Recommendation 

Permeable Reactive Walls Soil excavated to construct Integrity of permeable Limited control of WC removal Retained. Technology is effective for 
wall would require manage- reactive wall and hydraulic rates. Precipitates may form on PAHs, pesticides, herbicides and inor- 
ment and disposal. barrier must be evaluated reactive materials, limiting hydrau- ganic compounds. May require a series 

periodically to maintain opti- lit lifetime of wall and require re- of treatment walls with different reactive 
mum groundwater treatment. placement of wall. materials to treat SVOCs and arsenic. 

System requires control of pH 
and Eh conditions. 

Miuobiil Stimulation None. Microbial conditions must be Sensitive to variations in ground- Eliminate. Technology does not address 
well maintained to continue water quality and flow regime. arsenic, the primary CPC in groundwater 
effective degradation. at OU 3. . 

Some contaminants at OU 3 may 
Requires microbial expertise not degrade aerobically. 
to maintain degradation. 

Treatability testing is essential. 

Chemical Oxidation None. Groundwater monitoring and Limited effectiveness for SVOCs Eliminate. No data on effectiveness of 
system monitoring required. and no data on pesticides and pesticides and herbicides. Potential to 

herbicides. contaminate underlying aquifer by creat- 
ing toxic byproducts and compounds 
from chemical reactions in aquifer, 

Note: CPC = contaminant of concern. 
PAH = polynuclear aromatic hydrocarbon. 
SVOC = semivolatile organic compound. 
Eh = reduction oxidation. 
OU = Operable Unit. 



for surface soil remediation at OU 3. 

. Alternative S-l: Limited Action 

. Alternative S-2: Soil Cover 

. Alternative S-3: Phytoremediation 

. Alternative S-4: Soil Washing 

. Alternative S-5: Excavation and Off-Site Disposal 

A summary of the key components for surface soil alternatives is presented in 
Table 11-6 and a description of the surface soil alternatives is provided in the 
following paragraphs. 

11.2.1.1 Alternative S-l: Limited Action Due the relatively low risks to human 
health and ecological receptors at OU 3, a limited action alternative for surface 
soil is considered a viable option for site closure. The environmental impacts 
of a limited action alternative are" significantly less than the cost impacts of 
implementing any of the cleanup alternatives. A comparative analysis of the 
alternatives is presented in Chapter 13.0. 

Under this alternative, concrete pads remaining on site would be removed and 
disposed in a landfill that accepts construction and demolition (C&D) waste. 
Institutional controls such as land-use restrictions prohibiting residential 
development could be placed on SA 8 and 9. These restrictions would remain in 
effect at OU 3 until FDEP grants approval to lift the restrictions. Soil samples 
would be collected and analyzed for CPCs such as SVOCs, pesticides and 
herbicides, and metals. Groundwater monitoring and sampling would be addressed 
in the groundwater alternatives (Subsection 11.2.2). 

11.2.1.2 Alternative S-2: Soil Cover This alternative applies only to SA 8 
because the volume of contaminated surface soil above action levels at SA 9 is . 
only 30 yd3 (Section 10.4). Furthermore, the contaminated surface soil at'SA 9 
is limited to the northwest drainage ditch, a primary path for surface water 
runoff to the wetlands. Therefore, a soil cover at SA 9 would not be practical. 

Under this alternative, SA 8 would be covered with a synthetic liner and clean 
soil cover. This alternative would prevent human receptors from direct contact 
with surface soil and minimize migration and transport of CPCs due to erosion and 
infiltration. Excavation and removal of concrete pads and structures would be 
required before construction of the cover. 

A low-permeability (less than 1x10-' centimeters per second [cm/set]) synthetic 
liner would be installed to serve' as a barrier between clean soil cover and 
contaminated surface soil. In addition, the synthetic liner would limit 
infiltration of precipitation. After placement of the soil cover, a vegetative 
layer would be planted to prevent erosion of the soil cover. The site would be 
restored and equipment would be demobilized. The soil cover would be inspected 
on an annual basis to ensure the integrity of the cover. Annual O&M may include 
mowing grass and/or replanting vegetative cover. Long-term groundwater 
monitoring would be required as part of the alternative and, is addressed under 
any of the groundwater alternatives presented in Subsection 11.2.2. 

11.2.1.3 Alternative S-3: Phytoremediation Under this alternative, certain 
plants species (i.e., hyperaccumulators such as sunflowers, Brassica, or B. 
Juncea plants) that have an affinity to take up, accumulate, and/or degrade ‘- 

contaminants would be tested under both bench-scale (laboratory) and pilot-scale 
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Table 11-6 
Identification of Remedial Alternatives for Surface Soil 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Remedial Action Component 

Land-Use Controls 

Treatability Studies 

Design 

Mobilization/Site Preparation 

Utilities Required (water or electricity) 

Excavating Soil 

Treatment On Site 

Sampling & Analysis: 

Monitoring CPCs in Soil 

Confirmatory Sampling 

Waste Characterization 

Backfill: 

Treated Soil 

Off-Site Clean Fill 

Disposal: 

Soil 

Residuals (sediments, sludges, plants) 

Site Restoration 

Operation & Maintenance 

Fnre-Year Site Reviews 

Notes: S = surface soil. 
CPC = contaminant of concern. 

S-l 
Limited Action 

X 

X 

X 

X 

s-2 
Soil Cover 

X 

X 

X 

X 

X 

X 

X 

s-3 
s-4 s-5 

Phytoremediation 
Excavation and Excavation 

On-Site Soil Washing and Off-Site Disposal 

X 

X X 

X 

X X X 

X X 

X X 

X 

X 

X X 

X X 

X 

X 

X 

X X 

X X 

X X 

X X X 



(field). conditions. Phytoremediation relies on a plant's natural ability to 
bioaccumulate organic and inorganic CPCs. Plant species indigenous to the area ",r"‘c? 
would be tested first. If indigenous species are not suitable for treatment, 
then non-native plant species that effectively bioaccumulate CPCs would be 
harvested and planted on site. These nonnative plants will be field-tested to 
determine their ability to accumulate and degrade CPCs as well as their ability 
to survive under natural site conditions. 

Nutrients such as nitrogen, phosphorus, and water may be added to promote 
microbial activity. Plants that have maximized their waste-bearing capacity in 
the roots wouldbe removed, treated (if necessary), and disposed of. The surface 
soil would be analyzed to estimate the CPC removal rate by the plants. Areas 
would be replanted, as necessary, to continue removal of CPCs. Confirmatory soil 
samples wouldbe collected to confirm CPC removal. The site could be closed upon 
achievement of RAOs. Long-term groundwater monitoring would be required as part 
of the alternative and is addressed in Subsection 11.2.2. 

11.2.1.4 Alternative S-4: Excavation and On-Site Soil Washing Under this 
alternative, the top 2 feet of soil would be excavated and treated on site. 
Treatability studies would be conducted to determine the potential volume 
reduction of the waste, pretreatment needs, and types and amounts of CPC- 
extracting agents needed in the aqueous wash solution. 

The soil would be mechanically screened and homogenized to remove oversized 
materials. The soil would be transferred to a soil washing chamber where 
extracting agents (e.g., surfactants, acidleachate) wouldbe applied to transfer 
CPCs from soil particles into an aqueous waste stream. Depending on the results 
of the treatability studies, the soil washing process could consist of any n 

combination of the following: particle size separation, washing, rinsing, 
gravity separation, and/or attrition scrubbing (USEPA, 1993). The treated soil 
would be sampled and analyzed to confirm CPC removal. The treated soil would be 
backfilled on site, thereby eliminating off-site transport and disposal costs, 
and the need for bringing in replacement backfill material. 

Contaminated washwater may result from the soil washing process. The washwater 
would be treated for recycling back into the process, as long as there is not a 
deleterious effect on the soil washing process. At the end of the process, the 
treated washwater would be sampled and sent to the Orlando STP. 

The contaminated fines and sludges resulting from the process would be dewatered 
using a filter press. The filter press water would be collected, analyzed, and 
sent to the Orlando STP or off-site treatment facility, if hazardous. The 
remaining arsenic-contaminated sedimentandoversizedmaterials excluded from the 
washing process would be sent to an appropriate landfill for final disposal. 
Ongoing O&M activities would include groundwater sampling andmonitoring for CPCs 
at existing wells at SA 8 and 9. 

11.2.1.5 Alternative S-5: Excavation and Off-Site Disposal This alternative 
assumes that on-site treatment is not.,feasible,_bor practicable. For SA 8, this 
alternative assumes that all on-site soil would be considered-.nonhazardous waste .-, _.*, 
(lowest disposal cost scenario) because the soilis not*-a+list?dhazardous waste. 
Furthermore, relatively low CPC concentrations in soilwouldmost likely pass the 
toxicity characteristic leaching procedure (TCLP) tests. For SA 9, the excavated 
soil would be considered a listed hazardous waste because compounds detected in f---? 

soil and stored at SA 9 were not used for their &-&ndedpJurpose (Section 1.4.2). 
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Excavation and off-site management would include site preparation, excavating, 
and staging of soil. Under this alternative, the excavated soil would be sampled 
and analyzed for hazardous waste characteristics, as required by the selected 
land disposal facility. Upon approval from the land disposal facility, tlhe soil 
would be transported to the approved facility. Clean fill would be imported to 
the site and backfilled into the excavation. The area would be restored with 
topsoil and a vegetative support layer to the original grade. All equipment 
would be demobilized and the site would be closed in accordance with CERCLA. 

11.2.2 Groundwater Alternatives This section presents a variety of remedial 
alternatives for addressing CPCs in groundwater at OU 3. Similar to evaluation 
of the soil alternatives, the NCP requires that a range of alternatives be 
considered. To satisfy this objective, five alternatives have been developed for 
groundwater remediation. 

. Alternative G-l: Limited Action 

. Alternative G-2: Permeable Treatment Walls 

. Alternative G-3: Extraction and Phytoremediation 

. Alternative G-4: Extraction, Pretreatment, Discharge to Orlando STP 

. Alternative G-5: Extraction, Treatment, Discharge to surface water 

A summary of the key components for groundwater alternatives is presented in 
Table 11-7 and a description of the alternatives is provided in the following 
subsections. For all groundwater alternatives, groundwater monitoring and 
sampling would be conducted as part of the corrective action. 

11.2.2.1 Alternative G-l: Limited Action Due to the relatively low risks to 
human health and ecological receptors at OU 3, a limited action alternative for 

' groundwater is considered a viable option for site closure. Natural attenuation 
would likely biodegrade organic CPCs over time. The environmental impacts of a 
limited action alternative are significantly less than the cost impacts of 
implementing any of the cleanup alternatives. A comparative analysis between the 
alternatives is included in Chapter 13.0. 

Under CERCLA, if hazardous substances, pollutants, or contaminants remain on 
site, the site must be reviewed at least every 5 years until the action criteria 
are met. In addition to five-year reviews, groundwater monitoring, and 
groundwater use restrictions would be included until action criteria are met. 

Groundwater would be sampled annually from selected existing wells at SA 8 and 
SA 9 and analyzed for CPCs identified in the RAOs. Groundwater monitoring shall 
also include measuring water quality parameters such as temperature, pH, Eh, 
dissolved oxygen, and specific conductance to evaluate hydrogeologic conditions. 

11.2.2.2 Alternative G-2: In Situ Permeable Treatment Walls Under this 
alternative, permeable reactive walls wouldbe strategically placed to intercept 
CPCs in groundwater. The materials in the wall would remove targeted CPCs by 
degrading, transforming, precipitating, or adsorbing the target solutes as 
groundwater flows through the wall. A "Funnel and Gate" design that involves the 
use of sheet pilings to funnel groundwater flow may be installed to optimize 
treatment. In addition, walls of varying reactive materials could be installed 
in series to remove targeted compounds. 

This alternative would require treatability studies and design to ensure CI?Cs are 
treatable. This alternative does not require extraction of groundwater for 
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Table 11-7 
Identification of Remedial Alternatives for Groundwater 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Remedial Action Component 

Groundwater-Use Restrictions 

G-2 G-4 G-5 
G-l Permeable G-3 Groundwater Extraction, Groundwater Extraction, 

Limited Action Treatment Phytoremediation Pretreatment, and Discharge Treatment, and Discharge to 
Wails to Orlando STP Surface Water 

X X X X X 

Treatability Studies X X 

Design X X X X 

Mobilization/Site Preparation X X X X 

Utilities Required (water or electricity) X X X 

In Situ Groundwater Treatment X 

Groundwater Extraction 

EX Situ Groundwater Treatment: 

Chemical Precipitation 

Aeration 

Filtration 

Carbon Adsorption 

UV/Cxidation 

Sampling & Analysis 

Monitoring CPCs in groundwater 

lnfluent Sampling 

Treated Effluent Sampling 

X X 

X 

X 

X 

X X 

X X 

X X 

X 

X 

X 

X 

Groundwater Discharge: 

Surface water 

Orlando STP 

Residuals Disposal (sludges, filters, spent carbon, 
plants) 

Operation and Maintenance 

Five-Year Site Reviews 

Notes: G = groundwater. 
STP = Sewaoe Treatment Plant. 

X 

X 

X 

X X X 

X X X X 

X X X X 

CPC = contaminant of concern. 
UV = ultraviolet light. 



1 treatment but does require excavation of soil to install the treatment wall. 

\ Groundwater monitoring would be required to evaluate effectiveness. Removal or 
replacement of reactive wall materials would be required as part of routine O&M. 

Five-year reviews and interim groundwater use restrictions would also be r'equired 
as part of this alternative. 

11.2.2.3 Alternative G-3: Phytoremediation Under this alternative, groundwater 
would be extracted and discharged to a trough containing appropriate plant 
species that have an affinity to take up, accumulate, and/or degrade contami- 
nants. Plants would be tested under both bench-scale (laboratory) and pilot- 
scale (field) conditions, Indigenous plant species wouldbe tested first. Plant 
species that are not indigenous to the area but that effectively bioaccumulate 
CPCs will be planted on site. These plants will be field-tested to determine 
their ability to accumulate and degrade CPCs as well as their ability to survive 
under ambient conditions. 

Nutrients, such as nitrogen and phosphorus, may be added to the groundwater 
influent to promote microbial activity. Plants that have maximized their waste 
bearing capacity in the roots (i.e., plant tissue) will be removed, treated (if 
necessary), and disposed of. Groundwater would be analyzed to determine CPC 
concentrations and removal rates. Over a period of time and multiple plantings, 
RAOs may be achieved. Confirmatory groundwater samples would be collected to 
confirm CPC removal. Long-term groundwater monitoring would be required as part 
of the alternative. 

11.2.2.4 Alternative G-4: Groundwater Extraction, Pretreatment, and Discharge 
to Orlando STP This alternative provides only the pretreatment required to 
discharge groundwater to the Orlando STP rather than providing complete treatment 
to achieve treatment levels for a discharge to surface water. This alternative 
assumes that extracted groundwater concentrations would be less than the maximum 
concentrations detected during the RI based on groundwater concentration dilution 
from extraction wells (Appendix J). 

A comparison of extracted groundwater concentrations to NTC, Orlando's elEfluent 
discharge limits is shown in Table 10-7. This alternative would comply with NTC, 
Orlando's industrial user discharge permit (Permit No. CO67QA) to discharge water 
to the Orlando STP. This alternative was developed based on the following: 

. extracted groundwater would not be incompatible with the Orlando STP 
process or cause an abnormally high oxygen demand; 

. Orlando STP can achieve removal efficiencies typical of activated 
sludge treatment processes; and 

. due to the relatively low concentrations of arsenic (295 ppb, maximum), 
the Orlando STP could effectively treat all inorganic CPCs and only 
pretreatment for organic CPCs would be required. 

Groundwater would be most effectively collectedby a series of extraction wells. 
Based on the analysis provided in Subsections 11.1.5 and11.1.6, a representative 
technology sequence for pretreatment of extracted groundwater would consist of 
the following components: 

. acidification (lowering pH with sulfuric acid), 
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. W/OX with hydrogen peroxide, 

. neutralization (raising pH with potassium permanganate), and f-7 

. GAC adsorption. 

W/OX is selected as the representative pretreatment technology to remove SVOCs 
(pesticides, herbicides) prior to discharge and treatment in the Orlando STP. 
Lowering the pH can keep inorganic compounds in dissolved form and avoid fouling 
the W/OX unit. Raising the pH prevents excessive deterioration of the carbon 
absorption media. Treatment with GAC can then remove remaining SVOCs prior to 
discharge to the Orlando STP. Based on existing groundwater data and knowledge 
of STP operations, the Orlando STP should be capable of effectively treating the 
effluent from the W/OX system without impacting the sludge quality or discharge 
limitations of the Orlando STP under the existing NTC, Orlando permit. 

Although iron removal is not required in treatment of extracted groundwater prior 
to discharging to the Orlando STP, it may impede the effectiveness of the W/OX 
system if it accumulates in the unit. Lowering the pH of extracted groundwater 
with sulfuric acid prior to pretreatment with W/OX would help keep iron at its 
lower oxidation state in a dissolved form (Fe2+). It is estimated that the 
concentration of dissolved iron in treated groundwater, combined with other 
influent streams into the STP, will not deter attainment of Orlando STP's 
discharge limits. 

Administrative activities would be required as part of this alternative, 
including five-year reviews, groundwatermonitoring, and groundwater-use restric- 
tions until the action levels are met. No treatability studies are included in 
the cost estimate for this alternative; it is anticipated that an observational 
approach would be used to modify the system, if required. /?% 

11.2.2.5 Alternative G-5: Groundwater Extraction, Treatment, and Discharge to 
Surface Water This alternative consists of collecting groundwater, providing 
treatment to achieve treatment levels, and discharging the treated effluent to 
surface water. Anticipated treatment levels for a discharge to surface water are 
presented in Table 10-5. 

This alternative includes treatment for removal of organics and inorganics. 
Furthermore, treatment levels wouldbe based on discharge to surface water (i.e., 
achievement of surface water standards). Similar to Alternative G-4, groundwater 
would be most effectively collected by a series of extraction wells. Based on 
the analyses provided in Subsections 11.1.5 and 11.1.6, a representative 
technology sequence for the treatment of extracted groundwater would consist of 
the following components: 

. chemical precipitation with ferric chloride, 

. flocculation with anionic polymer, 

. clarification, 

. diffused aeration, 

. filtration, and 

. GAC adsorption. 

Precipitation with ferric iron is recognized as the most effective and practical 
means of arsenic removal (Vance, 1995). Flocculation with polymer addition can 
precipitate the oxidized inorganic compounds by forming a settleable particle 
mass. Clarification can provide the required detention time for settling and 
removal of the suspended mass. Diffused aeration would oxidize readily-available 
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organic contaminants. A filtration step wouldbe used to remove suspended solids 
and prevent the GAC units from clogging. Finally, treatment with GAC would 
remove remaining SVOCs prior to discharge to surface water. 

Treated water would meet the substantive requirements of an NPDES permit, 
administered by the FDEP. Administrative activities would be required as part 
of this alternative, including five-year reviews, groundwater monitoring, and 
groundwater-use restrictions until the action levels are met. No treatability 
studies are included in the cost estimate for this alternative; it is anticipated 
that an observational approach would be used to modify the system, if required. 
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12.0 DETAILED ANALYSIS OF ALTERNATIVES 

This chapter presents the detailed analyses of alternatives for OU 3 at NTC, 
Orlando. A detailed analysis is performed to provide decision makers with 
sufficient information to select the appropriate remedial alternative for each 
contaminated media at OU 3. The detailed analysis has been conducted in 
accordance with CERCLA Section 121, the NCP, and USEPA RI/FS guidance (USEPA, 
1988c). 

The detailed evaluation of each remedial alternative includes the following: 

. a detailed description of the alternative, emphasizing the appli'cations 
of proposed technologies or actions, and 

. an analysis of the alternative against seven of the nine CERCLA 
criteria. 

The remedial alternatives are examined with respect to the requirements 
stipulated by CERCLA and factors described in the USEPA RI/FS guidance document 
(USEPA, 1988c). The nine criteria from the USEPA RI/FS guidance document are 

. overall protection of human health and the environment; 

. compliance with ARARs; 

. long-term effectiveness and permanence; 

. reduction of toxicity, mobility, and volume of contaminants through 
treatment; 

. short-term effectiveness; 

. implementability; 

. cost; 

. State acceptance; and 

. community acceptance. 

The State (FDEP) and USEPA have participated in the review of this document 
through the NTC, Orlando Partnering Team, and have concurred with the issuance 
of this FS. Therefore, the only criterion not specifically addressed by this FS 
is community acceptance. Community acceptance will be addressed upon receipt of 
public comments on the FS and the Proposed Plan (USEPA, 1988c). The ROD will 
address community acceptance in its responsiveness summary, which is a response 
to comments received during a public comment period for the FS and Proposed Plan. 
The detailed analysis presented in this FS presents the evaluation of the first 
seven criteria in the alternative evaluation process. Table 12-l outlines the 
specific elements considered for these seven criteria. 

Cost estimates provided for each alternative are intended to be accurate within 
50 percent above to 30 percent below the estimated cost, as suggested by CERCLA 
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Table 12-l 
Criteria for Evaluatiop of Remedial Action Alternatives 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Factors 

Overall protection of human health and the environment 

Criteria to Consider 

How risks are eliminated, reduced, or controlled. 
Short-term or cross-media effects. 

Compliance with ARARs Compliance with chemical-specific ARARs. 
Compliance with location-specific ARAFts. 
Compliance with action-specific ARARs. 

Long-term effectiveness and permanence Magnitude of residual risk. 
Adequacy of controls. 
Reliability of controls. 

Reduction of mobility, toxicity, and volume of contaminants 
through treatment 

Treatment process and remedy. 
Amount of hazardous materials destroyed or treated. 
Reduction of mobility, toxicity, or volume through treatment. 
Irreversibility of treatment. 
Type and quantity of treatment residual. 

Short-term effectiveness Protection of community during remedial action. 
Protection of workers during remedial action. 
Environmental effects. 
Time until RAOs are achieved. 

Implementability 

.- 

Ability to construct technology. 
Reliability of technology. 
Ease of undertaking additional remedial action, if necessary. 
Coordination with other agencies. 

cost Capital cost. 
Operation and maintenance cost. 
Total present worth of alternative. 

Notes: ARAR = applicable or relevant and appropriate requirement. 
RAO = remedial action objective. 
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guidance (USEPA, 1988c). Cost estlmate'c&culations are presented in Appendix 
i and information to support the detailed analysis of alternatives is presented 
in Appendix 0. 

12.1 DETAILED AUALYSIS OF SURFACE SOIL ALTERNATIVES. This section presents the 
detailed analysis for remedial alternatives that address contaminated surface 
soil at OU 3. The remedial alternatives that were developed for this medium were 
discussed in Subsection 11.2.1. The alternatives apply to contaminated s.urface 
soil above residential action levels at both SA 8 and 9. Issues specific or 
unique to each SA will be addressed in each alternative. A comparison of the 
alternatives based on cleanup to residential action levels versus recreation 
action levels is presented in Chapter 13.0. The remainder of this section 
presents the detailed analysis for these remedial alternatives. 

12.1.1 Alternative S-l: Limited Action Under this alternative, active 
remediation would not be conducted at OU 3. Administrative actions, such as 
LUCs, would be taken to prevent the land from being designated residential while 
CPCs are above action levels. A description of this alternative is presented in 
Paragraph 12.1.1.1 and a technical assessment of this alternative is presented 
in Paragraph 12.1.1.2. 

12.1.1.1 Detailed Description of Alternative S-l Under this alternative, long- 
term sampling and monitoring would be conducted to assess whether or not organic 
CPCs are degrading over time via natural attenuation. In addition, concrete pads 
remaining on site would be excavated and removed. LUCs would involve the use of 
institutional controls that would restrict the use of the land in the vicinity 
of SAs 8 and 9. LUCs would place regulatory controls on the excavation of soil 
or similar activities that have the potential to disturb the site soil or 
increase the likelihood of exposure to the site soil. 

Major components of this alternative include the following: 

. LUCS, 

. concrete removal and disposal, 

. site monitoring, and 

. five-year site reviews. 

LUCs Under new USEPA Region IV guidance (USEPA, 1998b), the use of LUCs as a 
remedy,for contaminated sites requires the development of an LUC Assurance Plan 
(LUCAP) and an LUC Implementation Plan (LUCIP). These two documents det,ail the 
actions required when LUCs are selected as a remedy for a site. 

The LUCAP is developed for the entire facility on which LUCs are necessary. In 
this case, a LUCAP would be developed for NTC, Orlando. This document would 
identify an individual at the facility who is responsible for ensuring that any 
activities at SAs 8 and 9 would not violate what has been specified in the LUCs. 

The LUCIP is then developed for each site where LUCs are necessary on the 
facility. The LUCIP would include details regarding required activities, such 
annual inspection and reporting for the specific areas. These activities are 
required as part of the LUC agreement to ensure compliance while the LUCs for the 
sites are in effect. 
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The LUCs would be placed on a parcel of land slightly larger than the boundaries 
of SAs 8 and 9. This would ensure that an appropriate buffer zone is created and a=-% 
maintained between the pesticide handling and storage areas and other areas of 
NTC, Orlando. The LUCs would remain in place until site sampling indicates that 
organic CPCs are below action levels via natural attenuation and FDEP grants 
approval to lift the restrictions. As part of this alternative, an annual site 
inspection programwouldbe established to ensure that compliance with the agreed 
upon LUCs is maintained. The results of these inspections would be summarized 
in an annual report provided to appropriate parties. 

Concrete Removal and Disposal Concrete pads or structures remaining on site 
would be removed and disposed of off site at an approved facility. These 
materials would be disposed of at a local landfill that accepts C&D waste. The 
amount of concrete remaining on site is approximately 250 tons and is calculated 
in Appendix 0. The cost for concrete removal and disposai is based on these 
quantities and is applicable to all surface soil alternatives. 

Site Monitoring Site monitoring would occur on an annual basis andwould consist 
of collecting soil samples to evaluate whether or not concentrations of CPCs are 
decreasing over time. At SA 8, the aerial extent of surface soil contamination 
above action levels, including the wooded wetlands, is approximately 2.8 acres. 
The site sampling program proposed for this alternative would include collecting 
one composite soil sample for every lOO-foot by lOO-foot area. Therefore, a 
total of 13 samples plus three QA/QC samples would be collected annually. 

For SA 9, the extent of surface soil contamination above action levels is limited 
to the eastern drainage ditch. Therefore, five soil samples plus three QA/QC 
samples would be collected on an annual basis. Samples would be collected from ,-. 
0 to 2 feet bls. Samples would be analyzed in accordance with USEPA protocols 
for TCL SVOCs, pesticides and herbicides, and TAL inorganics because certain 
chemicals on these lists are CPCs for the sites. 

Soil and sediment containing CPCs may be transported off site via storm water 
runoff toward Lake Baldwin at SAs 8 and 9. Therefore, sediment along the 
shoreline of Lake Baldwin near SA 8 and SA 9 would also be sampled and analyzed 
for TCL SVOCs and TAL inorganics. A total of five samples will be collected 
annually at SA 8 and four samples will be collected annually at SA 9. 

Data collected would be used to evaluate whether or not concentrations of CPCs 
are decreasing over time. Data would be summarized, evaluated, and reported on 
an annual basis for use in the 12-year site reviews. 

Five-Year Site Reviews Since wastes and associated risks are left on site, the 
Navy, USEPA, and FDEP must review site conditions and determine whether or not 
the continued implementation of this alternative is appropriate. Site reviews 
would occur every 5 years to determine the effectiveness of natural attenuation. 
It is assumed, for this FS, that these reviews would occur over a 30-year period. 
Reviews would consist of evaluating monitoring data and assessing changes in site 
conditions (e.g. construction, demolition, receptors, migration pathways, and 
qualitative risks). The appropriateness of this alternative would be compared 
to other remedial alternatives to'confirm that this alternative was still the 
most appropriate selection for OU 3. 

12.1.1.2 Technical Assessment of Alternative S-l This paragraph provides the 
technical assessment of this alternative against seven criteria. 
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Overall Protection of Human Health and"the Environment Although risks to human 
health and the environment are relatively low, this alternative would not prevent 
human or ecological receptors from coming in contact with surface soil at SAs 8 
and 9. LUCs would be implemented to forbid residential development of the area. 
Long-term sampling and monitoring of surface soil would be conducted to compare 
CPC concentrations to action levels. Furthermore, the future site owner and 
nearby residents would be notified annually of the potential risks. 

Compliance with ARARs This alternative would not comply with chemical-specific 
ARARs (e.g., SCTLs, Chapter 62-785, FAC) in the short term. Eventually, this 
alternative may comply with ARARs for organic CPCs if natural processes, 
including physical, chemical, or biological changes in the soil reduce organic 
CPC concentrations. 

Long-Term Effectiveness and Permanence Naturally occurring processes, such as 
biological activity, may reduce contaminant concentrations of SVOCs, pesticides, 
and herbicides in soil, but may not reduce concentrations of inorganics. 
However, human and ecological risks due to direct contact with soil at the site 
would not be addressed, and would remain over a period of several decades until 
concentrations are reduced by natural processes. 

Site monitoring would provide a means of evaluating the concentrations and 
distribution of contaminants in soil and the potential for migration. 
Administrative actions proposed in this alternative would provide a means of 
exposure control, but would not provide a permanent remedy for risks posed by the 
site. 

Reduction of Toxicity, Mobilitv. and Volume Through Treatment Although active 
treatment is not included in this alternative, this alternative provides 
reduction in contaminant toxicity of SVOCs (pesticides and herbicides) through 
natural degradation processes, but most likely would provide no reduction in 
toxicity of inorganic CPCs. This alternative would not provide a reduction in 
contaminant mobility or volume because active remedial actions are not proposed. 
This alternative would not enhance or increase the rate of natural transformation 
processes that reduce the toxicity, mobility, or volume of contaminants in 
surface soil. 

Human health toxicity posed by direct contact with soil at the site would remain 
over a period of several decades until concentrations are reduced by natural 
processes. 

No treatment residuals would be produced if this alternative were implemented. 

Short-Term Effectiveness This alternative would not reduce human health or 
ecological risks in the short term. This alternative would not comply with RAOs 
in the short term because the only means of contaminant reduction posed 'by this 
alternative is natural degradation. 

Implementability This alternative involves minor site activities for impllementa- 
tion such as concrete removal and site monitoring. Other activities such as LUCs 
and five-year site reviews are easily implemented although administr,atively 
burdensome. 

Cost The present worth cost of Alternative S-l at SA 8 and 9 is approximately 
$602,000 and presented in Table 12-2. This estimate includes the cost of 
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Table 12-2 
Cost Summary for Alternative S-l: Limited Action 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Cost item cost 

DIRECT COSTS 

Land-Use Controls 

Concrete Removal and Disposal 

INDIRECT COSTS 

Health and Safety (at 3%) 

Administration and Permitting (at 3%) 

Engineering and Design (at 10%) 

Construction Support Services (at 10%) 

Total Direct Cost 

Total Indirect Cost 

Total Capital Cost (Direct + Indirect) 

$10,000 

$14,006 

$24,000 

NA 

NA 

NA 

NA 

$0 

$24,ooO 

OPERATION AND MAINTENANCE (O&MI COSTS (30-vear period) 

Site Monitoring (Annual) 

. . . Present Worth of Annual Costs (6%, 30-year period) 

Five-Year Site Review (Every 5 years) 

Present Worth of Five-Year Costs (6%, 30-year period) 

Total O&M Cost (present worth of annual and five-year costs) 

Total Capital and O&M Cost 

Contingency (at 10%) 

Total Cost of Alternative S-l: Limited Action 

Notes: % = percent. 
NA = not aoolicable. 

$34,000 

$466,000 

$18,000 

$58,ooO 

6623,000 

$647,000 

$55,ooO 

$602,ooo 
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concrete removal and LUCs. The O&M cost for Alternative S-l includes annual site 

3 sampling and monitoring over a 30-year period and five-year site reviews over a 
30-year period, as suggestedby USEPA guidance (USEPA, 1988c). The detailed cost 
estimate for this alternative is presented in Appendix N. 

12.1.2 Alternative S-2: Soil Cover Alternative S-2 is a containment option for 
surface soil at SA 8 using a synthetic liner and soil. cover. As stated in 
Paragraph 11.2.1.2, a soil cover would not apply at SA 9 because the small volume 
of contaminated surface soil (30 yd3) makes a soil cover impractical. 
Furthermore, unless the grade of the ditch and surrounding area is modified, the 
soil cover would not prevent differential runoff from accumulating in the 
drainage ditch or transporting CPCs downgradient into the wetlands at SA 9. A 
description of this alternative is presented in Paragraph 12.1.2.1 and the 
technical criteria assessment of this alternative is presented in Paragraph 
12.1.2.2. 

The design criteria presented in this subsection are intended for cost comparison 
purposes only and are not intended to be final design specifications. I:f this 
alternative is chosen for OU 3, it is recommended that land surveying, additional 
field sampling, and geotechnical testing be completed prior to preparing design 
plans and specifications. Although OU 3 is not a landfill, the cover design will 
be consistent with the final cover design standards for Florida landfill closure 
(Chapter 62-701.600, FAC). Final design plans and specifications should be 
prepared and sealed by a registered Professional Engineer licensed in the State 
of Florida. 

12.1.2.1 Detailed Description of Alternative S-2 This alternative is designed 
to minimize humanhealth and ecological risks associatedwith exposure to surface 
soil contaminated with SVOCs (pesticides andherbicides) and arsenic by creating 
a barrier to contaminated surface soil. Migration of these CPCs due to erosion 
and infiltration will also be minimized with this alternative. This containment 
alternative consists of the following components: 

. site preparation, 

. liner installation, 

. soil cover establishment, 

. LUCS, 

. site monitoring, and 

. five-year site reviews. 

The implementation of this alternative would require no treatment of contaminated 
materials. 

Site Preparation The concrete pads remaining on site would be removed and 
disposed of off site. The pads would be removed to allow for site grading and 
prevent settlement of the soil cover. These materials would be disposed of at 
a local landfill that accepts C&D waste. 

A stockpile area would be created at the site and would be large enough to 
provide sufficient volume for several days of filling and grading operations 
associated with this alternative. An area adjacent to the stockpile area would 
be prepared with a 12-inch-thick gravel base to be used as a parking area for 
construction-support trailers and heavy equipment. Equipment mobilized to the 
site would include earth-moving equipment such as backhoes, front-end loaders, 
bulldozers, and dump trucks. 
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The topography of SA 8 is generally flat sloping gently to the northwest. A 
strip of dense, wooded wetlands, approximately 60 feet wide, lies between the - 
western fenced perimeter and Lake Baldwin (Figure 3-l). The highest arsenic 
concentration is 10.4 mg/kg (sample location OSSOl5) in this area. Clearing and 
grubbing of trees and destroying wetland habitat to install a soil cover in this 
area would not be practical or environmentally sound. Therefore, the cap would 
cover all areas up to the existing tree line at SA 8. 

Liner Installation A geomembrane liner would be installed over the contaminated 
surface area to prevent infiltration of stormwater andminimize leaching of CPCs 
into groundwater. In accordance with Chapter 62-701.600, FAC, the liner 
installedwillbe a semicrystalline thermoplastic material (e.g., HDPE), at least 
30 mils thick with a maximum water vapor transmission rate of 2.4 gallons per 
square meter per day and permeability of 1~10~~ cm/set or less. The liner will 
have chemical and physical resistance to materials or CPCs it may come into 
contact with and withstand exposure to natural environmental stresses. Material 
specifications, installation methods, and seaming process would be discussed in 
detail during the remedial design. 

Soil Cover Establishment This component ensures that existing surface water 
drainage patterns are maintained at the site, which includes a compacted soil 
layer, vegetative support layer, and vegetation cover, are established. A cross 
section of the proposed soil cover is illustrated on Figure 12-l. 

Surface Water Drainage Surface water runoff controls would be included to 
minimize erosion. Natural surface water drainage that exists at the site 
will be maintained to the maximum extent possible. The final topographic 
surface of the soil cover will be designed to direct surface water into the :- 
wetlands bordering the northwest edges of the covered area. During 
construction of the soil cover and establishment of the vegetative cover, 
silt fencing should be positioned upgradient of the drainage ditches to 
comply with storm water and erosion control regulations. This control 
should remain in place until the soil cover is fully established. 

Compacted Soil A fine-grained soil material will be obtained from an off- 
site borrow source. The soil,will be tested to verify that it is "clean" 
fill and that it exhibits a pH between 6.0 and 8.5. This soil will be 
compacted above the geomembrane liner to achieve a 6-inch to 12-inch 
thickness, depending on the desired grade. The soil will be compacted with 
a sheepsfoot or smooth roller to achieve a stable surface. 

The soil cover will be designed to achieve side slopes not exceeding a 33 
percent grade (3 feet or more horizontal run to 1 foot vertical rise). 
Chapter 62-701.600(5), FAC, specifies that design grades be no less than 3 
percent (100 feet horizontal run to 3 feet or more vertical rise) to ensure 
adequate surface water drainage. The final cover design will consist of a 
top slope between a 3 and 4 percent grade and side slopes between a 3 and 
33 percent grade. Water trucks and hoses will be on hand for dust 
suppression. 

Vegetative Support A final 6-inch layer of soil will be placed over the 
compacted soil to support vegetative growth. The soil will be obtained 
from a local borrow source to provide the adequate soil composition 
required to stimulate and support natural vegetation. 
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FIGURE 12-1 REMEDIAL INVESTIGATION AND 
ALTERNATIVE S-2: SOIL COVER FEASIBILITY STUDY 

OPERABLE UNIT 3 

NAVAL TRAlNlNG CENTER 
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Vegetative Cover Selected seed and fertilizer will be placed on the 
vegetative support layer to establish vegetation. Hay mulch will be used q 
to protect the soil during initial vegetative development. Postclosure 
care will include provisions for inspecting and maintaining the soil cover 
on an annual basis. 

LUCs Alternative S-2 would incorporate the same institutional controls as the 
limited action alternative (S-l). 

Site Monitoring Site monitoring would consist of annual soil cover inspections 
and five-year site reviews to determine if the remedial action is still 
appropriate for the site. Cover maintenance.,w$ll also-.be performed during the 
O&M period to repair the cover, as needed, and to maintain the vegetation growth. 

Site monitoring would not include soil sampling because the site would be covered 
with an impervious liner. Furthermore, CPCs would remain in soil and may 
continue to leach into groundwater; therefore, long-term groundwater sampling and 
monitoring is recommended. Groundwater monitoring is addressed in the 
groundwater alternatives and, may be combined with soil alternatives, if 
applicable, to address both media of concern. 

Five-Year Review Alternative S-2 would incorporate elements of the five-year 
review discussed for Alternative S-l. 

12.1.2.2 Technical Assessment of AlterJq$$,ye $.:.2,.,~As previously discussed, seven 
NCP technical factors were used to perform the detailed analysis of remedial 
alternatives. A detailed evaluation of the soil cover alternative (Alternative I ,.-^.-l...l-l.. l,"__l".l",/l.._ ._-I 
S-2) using these factors is presented in the following sections. 

Overall Protection of Human Health and the Environment Placement of a synthetic 
liner would limit infiltration of .precipitation- and-'ieaching of CPCs into 
groundwater. A liner and clean.soil cover would eliminate direct contact 
exposure to CPCs in surface soil at OU 3. The slight risk to ecological 
receptors and the environment would also be eliminated if a soil cover and liner 
were placed on top of the site. Site restoration activities, such as seeding and 
fertilizer, would promote vegetative growth and positively impact the environ- 
ment. 

Compliance with ARARs This alternative would not comply with chemical-specific 
ARARs (e.g., SCTLs, Chapter 62-785, FAC) in the short term. Eventually, this 
alternative may comply with ARARs for organic CPCs if natural processes including 
physical, chemical, or biological changes in the soil reduce organic CPC 
concentrations. 

This alternative would comply with action-specific ARARs to the maximum extent 
practicable. Although not directly applicable, portions of Chapter 701, FAC 
(e.g., top and side slopes of the soil cover, cover thickness, and geomembrane 
liner specifications) would be complied with during the design of the surface 
soil cover. 

The existing surface water drainage pattern will be maintained to the maximum 
extent possible but enhanced to account for additional runoff during and 
following construction of the soil cover. By evenly distributing overland flow 
on the soil cover and by continuing to direct surface water toward its ultimate 
destination (Lake Baldwin), no surface water-related ARARs will be vgolated. 
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Worker safety standards will be maintained during construction activities to 
comply with Occupational Safety and Health Administration and related ARARs. 
Dust control will be used to minimize the spread of wind-blown soil during site 
grading. A site-specific health and safety plan will be developed and 
implemented during all site activities. 

Long-Term Effectiveness and Permanence The construction of a soil cover will 
prevent human health risks posed by dermal contact, ingestion, and inhalation of 
surface soil and wind-blown particulates. The compacted soil cover will be much 
less permeable than the existing surface soil. This cover will (1) limit storm 
water infiltration and leaching of CPCs into groundwater, (2) prevent ponding of 
water on the site surface, and (3) direct surface water toward the existing 
drainage pathway. Thus, human health risks as a result of exposure to surface 
water will be minimized. 

This alternative includes an O&M program to ensure the integrity of the cover 
material. Alternative S-2 can be viewed as a permanent method of reducing or 
eliminatinghumanhealth risks posedby dermalcontact, ingestion, and inhalation 
of surface soil and wind-blown particulates if the cover stability shows 
permanence after completion of a five-year site review. 

Similar to human health risk reduction, the soil cover design will prevent risks 
posed to ecological receptors. The vegetation will increase evapotranspiration 
and reduce cover erosion. The risk posed to local species by ingesting biota 
that contain contaminants in their tissue, or by directly ingesting surfa'ce soil 
that contains contaminants, will be eliminated by placement of the synthetic 
liner and the compacted soil. 

Alternative S-2 does not include clearing and grubbing of trees and wetlands that 
currently exist at SA 8. In this manner, the existing vegetation and ecosystem 
would be protected. 

Reduction of Toxicity. Mobility. and Volume through Treatment Alternative S-2 
does not include treatment of contaminants, and does not physically or chelmically 
alter contaminants contained in surface soil at OU 3. Thus, this alternative 
does not reduce the toxicity, mobility, or volume of contaminants through 
treatment. However, the cover design will effectively reduce the mobility of 
contaminants contained in surface soil by preventing the spread of wind-blown 
particulates and reducing contaminant transport through storm water runoff and 
infiltration. The cover will also prevent the uptake of contaminants contained 
in surface soil, which will prevent biomagnification of contaminants through the 
local ecological food chain. 

Short-Term Effectiveness This alternative would not reduce human health or 
ecological risks in the short term. This alternative would not comply with RAOs 
in the short term because the only means of contaminant reduction posed by this 
alternative is natural degradation. Site workers may be exposed to increased 
risks by dermal contact, ingestion, and inhalation during construction 
activities. Appropriate personal protective equipment (PPE) can be used to 
minimize this increased risk. 

Implementability Equipment and materials are readily available to construct the 
cover designed for Alternative S-2. Site work will be completed within a 3-month 
period, and will require standard construction expertise. Because of the 
difficulty in obtaining borrow soil in the vicinity of the site, clean soil may 
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be obtained from a nonlocal borrow source. The lack of local borrow sources 
would result in additional transportation cost, but does not render the Xi?~ 
alternative infeasible. 

Cost The total estimated cost for Alternative S-2 is approximately $460,000 and 
is presented in Table 12-3. Cost calculations are provided in Appendix N. This 
estimate is based on the preliminary design criteria presented in this section. 
If this alternative is selected, land surveying, additional field sampling, and 
geotechnical testing should be performed during design to prepare a complete set 
of design plans and specifications. 

The O&M costs include cover inspections andmaintenance annually over a five-year 
period and five-year site reviews for 30-years. Because the source areas are 
covered, soil sampling would not be conducted. However, groundwater sampling 
should be conducted because CPCs would remain in soil. Costs for groundwater 
monitoring are included in the groundwater alternatives. 

12.1.3 Alternative S-3: Phvtoremediation Alternative S-3 consists ofphytoremed- 
iation of contaminated surface soil. A description of this alternative is 
presented in Paragraph 12.1.3.1 and a technical criteria assessment of this 
alternative is presented in Paragraph 12.1.3.2. 

12.1.3.1 Detailed Description of Alternative S-3 This alternative would consist 
of planting selected species of plants (indigenous plants would be tested first) 
to provide treatment of surface soils to the maximum extent practicable. 
Phytoremediation is an innovative in situ treatment technology that relies upon 
a plant's natural ability to accumulate and/or degrade CPCs in a soil matrix. 
A general schematic of the phytoremediation process is shown on Figure 12-2. .-. 

The components of Alternative S-3 include 

. prepare the site; 

. conduct bench-scale treatability test of plant species; 

. cultivate and harvest plants suitable for contaminant removal; 

. conduct pilot-scale treatability tests at various locations at OU 3; 

. harvest and remove plants that have bioaccumulated CPCs; 

. treat and dispose of rooted plants, if necessary; 

. collect 

. replant 

. confirm 

. perform 

Site Preparation 

and analyze soil samples for CPCs; 
specific plant species, if needed; 
CPC removal with confirmatory soil sampling; and 
five-year site review. 

SA 8. Although there are currently a number of buildings at SA 8, they are 
scheduled for demolition before implementation of any remedial action. Concrete 
pads would be removed and taken off site prior to the remedial action. These 
materials would be disposed of at a local landfill that accepts C&D waste. 
Fencing would be constructed around areas of operation for phytoremediation at 
Sites 8 and 9. Signs would also be posted at the perimeter. 

SA 9. SA 9 would only require minimal preparation. Some grubbing and clearing 
may be necessary at the north end of the ditch (approximately 1,200 ft?), 
however, contamination at SA 9 is primarily associatedwith the ditches, and they r---a 

are easily accessible. Because of the small area of contamination at Site 9, its 
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Table 12-3 
Cost Summary for Alternative S-2: Soil Cover 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Cost Item 

DIRECT COST 

Land-Use Controls 

Concrete Removal and Disposal 

Mobilization and Site Preparation 

Liner and Soil Cover 

Vegetative Support Layer 

Dust Control 

Site Restoration 

Total Direct Cost 

INDIRECT COST 

Health and Safety (at 3%) 

Administration and Permitting (at 3%) 

Engineering and Design (at 10%) 

Construction Support Services (at 10%) 

Total Indirect Cost 

Total Capital Cost (Direct + Indirect) 

OPERATION AND MAINTENANCE (O&M) COST (five-year period) 

Annual (for five-year period) 

Present Worth - soil cover inspection and maintenance 

Five-Year Site Reviews (for 30-year period) 

Present Worth - five-year site reviews 

Total O&M Cost (Present Worth of annual O&M and five-year site reviews) 

Total Capital and O&M Cost 

Contingency (at 10%) 

cost 
- 

$10,0cro 

$14,croo 

$3:3,000 

$152,ooo 

$3(3,ooo 

$12,000 

$Q,ooo 

$26i3,000 

$Is,ooo 

$8,000 

$2’7,ooo 

$27,ow 

$7O,wo 

$337,000 

$23,ooO 

$58,000 

SSl,ooO 

S4fW33 
s42,ooo 

Total Cost of Alternative S-2: Soil Cover $wJ,OW 
.~ ,. . 

Note: % = percent. 
.,. 
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FIGURE 12-2 REMEDIAL INVESTIGATION AND 
ALTERNATIVE S=3r SCHEMATIC OF FEASIBILITY STUDY 
PHYTOREMEDIATION PROCESS OPERABLE UNIT 3 
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proximity to SA 8, and the corresponding 'CPCs, 'it is addressed here as an 
addition to the work at SA 8. 

Bench-Scale Testing of Plant Species Since phytoremediation is an innovative 
technology in the early stages of development, laboratory research on plant 
species needs to be conducted to evaluate and select plants with the greatest 
affinity for site contaminants. Care would be taken to ensure native,plant 
species were tested thoroughly for a suitable candidate before nonnative plants 
are considered. There are several mechanisms by which plants remove contaminants 
(GWRTAC, 1996). The most common include 

. Rhizofiltration: the absorption, concentration, and precipitation 
of heavy metals by plant roots. 

. Phytoextraction: the extraction and accumulation of contaminants 
in harvestable plant tissues including roots and 
surface shoots. 

. Phytotransformation: the degradation of complex organic molecules to 
simple molecules and incorporation of these 
molecules into plant tissues. 

. Phytostimulation: the stimulation of microbial and fungal degrada- 
tion by release of enzymes into the root :zone. 

. Phytostabilization: the absorption and precipitation of contaminants 
(principally metals) by plants, reducing contami- 
nant mobility and preventing migration. 

Cultivate and Harvest Plants Suitable for Contaminant Removal After bench-scale 
testing of plants is complete, a supply of selected plants would need'to be 
available for planting at the SAs. The plants may be purchased at plant farms, 
or they may be cultivated elsewhere at NTC, Orlando and transplanted to the SAs. 
Up to three crops implemented over a l- to 2- year period may be necessary to 
achieve 80 to 85 percent arsenic removal. 

Conduct Pilot-Scale Treatabilitv Tests at Various Locations at SAs 8 and? Once 
it has been determined which plants are suitable for phytoremediation at the 
site, test plots of these plants will need to be prepared. This will require 
transporting the plant species to the site and monitoring performance over time. 

Harvest and Remove Plants That Have Bioaccumulated CPCs Once plants have 
accumulated contaminants, plant tissue that concentrate the CPCs can be 
harvested. The harvested tissue may be processed to manage the accumulated CPCs 
in an environmentally sound and cost-effective manner. Early crops will be 
harvested and stored on site until the final crop is harvested. After thie final 
harvest, all collected plant material will be disposed of. 

Treat and Dispose of Harvested Plant Tissue Because the primary CPC at NTC, 
Orlando is an inorganic, and the selected. species will accumulate arsenic, 
disposalwillbe required. If significant accumulation takes place only in roots, 
then only these tissues would be disposed of or processed. The most common 
process for dealing with metals-enriched plant material is controlled incinera- 
tion, which results in ash with a high metals content. Preliminary infolrmation 
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indicates that wood from trees that have taken up degraded organics can be used 
for pulp. 

Soil Sampling To ensure that phytoremediation is occurring at the site, soil 
sampling and analysis events will be conducted as part of ongoing O&M activities. 
Soil sampling and analysis would be conducted for the duration of phytoremediat- 
ion processes (1 to 5 years) to ensure RAOs are achieved. 

Five-Year Site Review A five-year site review will be conducted as outlined in 
Alternative S-l. At the end of the review period, the site may need to be 
replanted with native species depending on the future land use for the site. 

12.1.3.2 Technical Assessment of Alternative S-3 This subsection presents the 
technical assessment of Alternative S-3. 

Overall Protection of Human Health and the Environment This alternative would 
likely reduce the mass of contaminants in the surface soil over time (GWRTAC, 
1996). The remediation time frame will be determined through research. Any 
ecological effects due to the addition of new plant life or the enhancement of 
indigenous life needs to be identified and evaluated. Until contaminant 
concentrations are reduced, the potential for risk to human and ecological 
receptors based on exposure to surface soil would exist. 

Compliance with ARARs This alternative may not comply with chemical-specific 
ARARs in the short term because phytoremediation is not likely to immediately 
reduce concentrations of arsenic, MCPP, or MCPA in the surface soil. Ultimately, 
compliance with ARARs may be achieved; however, reductions are unknown for SAs 
8 and 9, and a better evaluation would be possible after bench- and pilot-scale r-x 
testing. 

Long-Term Effectiveness and Permanence Phytoremediation effectiveness is not 
well developed. Successful implementation of this alternative offers a long-term 
and permanent remedy for surface soil remediation. Because this is an innovative 
technology, long-term effectiveness data at other sites is not available at this 
time. However, early testing with some species has resulted in 80 to 85 percent 
reductions in bioavailable forms of arsenic. Long-term effectiveness and 
permanence will be further evaluated based on pilot-test information. 

Reduction of Toxicity, Mobility, and Volume of Contaminants ThrouFh Treatment. 
This alternative should permanently reduce toxicity, mobility, andvolume of CPCs 
in surface soil. CPCs will be phytodegraded, biotreated through enhanced 
mineralization in the rhizosphere, and/or directly taken up by plants for removal 
and disposal. 

Short-Term Effectiveness Achieving optimum performance of phytoremediation may 
take time; therefore, effectiveness in the short term is questionable. Workers 
who implement this technology may be exposed to dust particles that may pose an 
inhalation risk. Natural bioaccumulation and/or biodegradation can be a slow 
process. Implementation of this alternative may not result in an immediate 
decease in CPC concentrations. 

Implementability Based on the variety and growth rate of existing plant life at 
NTC, Orlando, implementation would be relatively easy, 

*- 't 
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cost The estimated cost for Alternative S-3 is approximately $644,000 and is 
summarized in Table 12-4. ,The,,est:mate includes ~.direc~t costs such as site 
preparation, bench- a&l pilot-scale treatability studies, purchase and planting 
of nonnative species of plants, harvesting and disposal of plants, and site 
restoration. Indirect costs include health and safety, administrative and 
permitting fees, engineering and design, and construction support services. 

The O&M costs associated with this alternative include confirmatory surfac:e soil 
sampling for 5-years and five-year site reviews for a 30-year period. Appendix 
N provides the detailed cost estimate used to develop the cost estimate presented 
in Table 12-4. Appendix 0 contains a Phytoremediation Technology Summary Report 
used to develop this alternative. 

12.1.4 Alternative S-4: Excavation and On-Site Soil Washing This alternative 
includes remedial actions to excavate surface soil at SA 8 and 9 and treat the 
excavated soil via on-site soil washing. Because the quantity of soil to be 
treated at SA 9 is relatively small (30 yd3), it will be addressed as part of SA 
8. A detailed description of this alternative is included in Paragraph li!.1.4.1 
and the technical criteria assessment is included in Paragraph 12.1.4.2. 

12.1.4.1 Detailed Description of Alternative S-4 Under this alternative, the top 
2 feet of soil would be excavated and treated on site using a soil washing 
process described below. Treatment and backfilling of the surface soil would 
eliminate CPC exposure to humans from SA 8 and 9 surface soil. 

Major components of this alternative include 

. treatability studies, 

. mobilization and site preparation, 

. construction of a pretreated soil staging area and treated soil staging 
area, 

. excavation and stockpiling of surface soil, 

. sampling and analysis of excavated soil, 

. pretreatment and screening of soil, 

. soil washing process, 

. confirmatory sampling of treated soil, 

. backfilling the excavation with treated soil, and 

. site restoration and demobilization. 

These activities are discussed in the following sections. A treatment process 
flow diagram for a typical soil washing process is shown on Figure 12-3. 

Treatabilitv Studies Prior to full-scale implementation of this alternative, 
treatability studies would be conducted to determine the effectiveness of CPC 
removal (arsenic, PARS, pesticides and herbicides) from the soil. Treatability 
studies are necessary for determining process requirements, treatment duration, 
and costs. Treatability studies may include a bench-scale and pilot-scale 
evaluation of the soil washing process. 

Mobilization and Site Preparation Under this alternative, heavy equipment such 
as front end loaders, bulldozers, dump trucks, and a backhoe would be molbilized 
to SA 8 and 9. Site preparation would include activities and construction prior 
to excavating surface soil. An office trailer and storage trailer would be 
delivered to the site. Electric and water connections, which are necessary for 
operation of the soil washing equipment, are available at SA 8. As a result, 
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Table 12-4 
Cost Summary for Alternative S-3: Phytoremediation 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando. Florida 

Cost Item 

DIRECT COST 

Land-Use Controls 

Concrete Removal and Disposal 

Site Preparation and Mobilization 

Bench-Scale (Laboratory) Treatability Study 

Pilot-Scale Treatability Field Trial 

Purchase and Plant Nonnative Species 

Harvest and Remove Plants 

Transport, Treat, and Dispose of Plants 

Site Restoration and Demobilization 

Total Direct Cost 

INDIRECT COST 

Health and Safety (at 3%) 

Administration and Permitting (at 3%) 

Engineering and Design (at 10%) 
,... 

Construction Support Services (at 10%) 

Total Indirect Cost 

Total Capital Cost (Direct + Indirect) 

OPERATION AND MAINTENANCE (O&M) COST (30-year period) 

Soil Monitoring and Analvsis (for 5-year period) 

Present Worth - soil monitoring and analysis 

Five-Year Reviews (for 30-year period) 

Present Worth - five-year site reviews 

Total O&M Cost (Annual O&M for 30 years) 

cost 

$10,000 

$14,000 

$8,000 

$23,080 

$22,000 

$112,000 

$47,000 

$75,000 

$9,ooo 

$308,ooo 

$9,wo 

$9,ooo 

$31,000 

$31,000 

$8o,ooo 

$335,000 

$142,000 

$58,ooO 

$200,000 

Total Capital and O&M Costs $585,800 

Contingency (at 10%) $59,000 

Total Cost of Alternative S-3: Phvtoremediation $844.ooo 

Note: % = percent, I 

K-3 

f----Y 
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only a small quantity of temporary water lines (4 inch-diameter aboveground 
polyvinyl chloride) and electrical utility lines (aboveground) wouldbe installed 
for this alternative. 

Concrete pads remaining on site (approximately 250 tons) would be removed and 
disposed of off site. These materials wouldbe disposed at a local landfill that 
accepts C&D waste. 

The topography of Site 8 is generally flat sloping gently to the northwest. A 
strip of dense, wooded wetlands, approximately 60 feet wide, lies between the 
western fenced perimeter and Lake Baldwin (Figure 3-l). The highest arsenic 
concentration is 10.4 mg/kg (sample location 08SOl5) in this area. Clearing and 
grubbing of trees and destroying wetland habitat to excavate and treat soil from 
this areawouldnotbe practical or environmentally sound. Therefore, excavation 
will only extend up to the existing tree line at SA 8. 

Only a small amount of clearing and grubbing would be necessary to allow 
excavation of the arsenic contaminated surface soil at SA 8 and 9. Once 
excavated, the cleared foliage would be screened to remove soil and disposed of 
at the local landfill or burned on site. Finally, the area would be grubbed and 
the remaining material would be disposed of at the local landfill. 

Construction of Pretreated Soil Staging Area and Treated Soil Stazing Area Two 
large staging areas would be constructed adjacent to the soil washing area for 
placement of excavated soil and treated soil. Because the rate of soil washing 
varies from 300 tons per day to 1,000 tons per day, the size of the staging area 
would be large enough to handle 1 to 2 days of excavated soil and 2 to 4 days for 
treated soil. The size of the staging areas would be based a soil processing F--Y, 
rate of 300 tons per day. 

A temporary decontamination pad would be constructed adjacent to the treated soil 
staging area at the site. Equipment and vehicles used during site preparation, 
excavation, treatment and soil handling wouldbe steam-cleaned and decontaminated 
at this location. The temporary pad would be approximately 20 feet by 40 feet 
and graded and sloped toward a sump for collection of decontamination fluid for 
treatment and/or disposal. 

The staging areas and decontamination pad would be constructed using a 4-inch 
layer of crushed stone and/or gravel as the base and 3-foot-high containment 
berms. The gravel bed and containment berms would be compacted using heavy 
equipment and lined with 2 layers of 6-millimeter plastic sheeting to prevent 
precipitation and runoff from infiltrating into the ground surface. 

The actual size, design, and location of the staging areas and decontamination 
pad would be determined during the remedial design phase. Appendix 0 contains 
dimensions on the soil staging areas, which were used to develop the cost 
estimates in Table 12-5. 

Excavating and Stockpiling of Surface Soil The area of surface soil at SA 8 to 
be excavated is shown in Appendix L. The surface soil would be excavated to a 
depth of approximately 2 feet bls using a front-end loader. Excavated material 
wouldbe stockpiled in the lined-and-bermed staging area using a front-end loader 
and dump trucks. The stockpiled soil would be covered daily with tarpaulins to 
prevent storm water infiltration and migration of contaminants outside the :-?i 
staging area. Approximately 300 to 500 tons per day will be excavated to match 
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or slightly exceed the processing and/or treatment rate. The amount of soil to 
be excavated is approximately 6,770 yd3 (8,100 tons). 

Sampling and Analysis of Excavated Soil Soil samples would be collected and 
analyzed from the excavated soil to determine CPC concentrations. Composite soil 
samples would be collected at a rate of 1 sample per 200 tons. The soil would 
be sampled for TCL organics (SVOCs, pesticides, herbicides) and TAL inorganics, 
as necessary for disposal characterization. The analytical results would 
determine whether or not a specific stockpile would require treatment or could 
be characterized as meeting cleanup criteria for use as clean fill on site. Soil 
containing concentrations of CPCs above action levels would require treatment. 

Pretreatment and Screening of Soil Pretreatment is performed to remove grossly 
oversized materials and to prepare a homogeneous feed stream of reasonable size 
(i.e., less than 2 inches in diameter) for delivery to the soil washing process. 
Based on the results of treatability tests, pretreatment may consist of any 
combination of the following: crushing and grinding, mechanical screening, 
gravity separation, blending and mixing, or material removal (i.e., lead 
recycling). 

The screening process consists of a feed hopper mounted with a vibratory 
"grizzly" and trommel screen to pro.duce an input stream of less than two inches. 
The oversized material (i.e, large stones, debris, wood) would be removed from 
the hopper area and staged for analytical testing and disposal. 

Soil Washing Process The feed soil that passes the screening process is 
transferred to the soil washing process by conveyor belts. Depending on the 
results of the treatability tests, the soil washing process may consist of some 
combination of the following: size separation (i.e., hydroclones), gravity 
separation, washing (i.e, wet separation), rinsing, or 'attrition scrubbing. 
Figure 12-3 presents an overview of a typical soil washing process. A detailed 
description and figures of the soil washing process is provided by vendor 
literature in Appendix 0. 

Soil washing is based on the concept that most organic (i.e., MCPA) and inorganic 
(i.e., arsenic) contaminants tend to bind either chemically or physically to 
silt, clay, or fine organic soil particles (referred to as "fines") primarily 
through compaction, adsorption, and adhesion (USEPA, 1993). As a resullt, the 
goal of soil washing is to screen out the oversized material, reuse the clean 
soil, and keep the contaminated sludge cake volume produced as small as possible. 

An important step in the soil washing process is to separate fines (less than 74 
microns in particle diameter) from sand and coarse-grain materials (greater than 
74 microns). The amount of fines present in SA 8 and 9 surface soil will predict 
the amount of sludge cake produced. 

Studies specific to arsenic have yielded removal efficiencies as high as 95 
percent. Control over soil chemistry, and particularly pH, are of (extreme 
importance in the arsenic removal process. Acid leaching at a pH of 3 or lower 
is common, and even with this control 2 to 3 washings may be necessary. A soil 
washing rate of 300 tons per day was chosen for this cost estimate to allow for 
rewashing if necessary. Actual rates for soil washing may go as high as 800 to 
1000 tons per day. 
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Table 12-5 
Cost Summary for Alternative S-4: Excavation and On-Site Soil Washing 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Cost item 

DIRECT COSTS 

Concrete Removal and Disposal 

Treatability Studies 

Site Preparation and Mobilization 

Pretreated Soil Staging Area and Berm Construction 

Treated Soil Staging Area and Berm Construction 

Excavation and Stockpiling Soil 

Soil Washing Process 

Soil Sampling and Analysis 

Backfill with Treated Soil 

Site Restoration and Demobilization 

Total Direct Cost 

Cost per ton ($/ton) 

INDIRECT COSTS 

Health and Safety (at 3%) 

Administration Fees (at 3%) 

Engineering and Design (at 10%) 

Construction Support Services (at 10%) 

Total Indirect Cost 

‘Total Capital Cost (Indirect + Direct) 

OPERATION AND MAINTENANCE COSTS (Annual) 

Five-Year Site Reviews (every 5 years for 30 years) 

Present Worth of five-year Site Reviews at 6% interest 

Total O&M Cost 

Total Capital and O&M Cost 

Contingency (at 10%) 

Total Cost of Alternative S-4: Soil Washing 

Cost per ton ($/ton) 

Notes: % = percent. 
$/ton = dollars per ton. 

cost 

$14,cQO 

$20,000 

s5,ooo 

$6,000 
$11,000 

$59,ooo 

$729,ooo 

$75,000 

$59,ooo 

W6,ooO 

$1,024,000 

$126/tori 

$31 ,oaJ 

$31 ,ooo 

$102,000 

$102,000 

$266,006 

$1,290,000 

$58,ooO 

$58,000 

sw48,~00 
$135,000 

$19483,000 

$183/tori 
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The coarse-grained fraction would be washed with extracting agents (i.e., 
surfactants or pH modifiers) to transfer CPCs from the sand particles to fines 
in an aqueous solution. The remaining sand after the wash would be sampILed and 
analyzed for metals. The fine-grained fraction is more difficult to treat as a 
result of complex binding and attachment dynamics. Fine-grained treatment and 
washwater would be treated similarly to a wastewater sludge process by polymer 
addition, sedimentation, sludge thickening, and dewatering. The spent washwater 
would be sent to the Orlando STP for treatment and disposal. 

Confirmatory Samnlinn of Treated Soil Soil samples would be collected and 
analyzed from the treated soil to determine CPC removal concentrations. 
Composite soil samples would be collected at a rate of 1 sample per 200 tons 
(i.e., 1 sample per stockpile). The soil would be sampled and analyzed for TCL 
organics (SVOCs, pesticides, herbicides) and TAL inorganics, as required by the 
receiving facility. Based on space limitations, sample results would be obtained 
on a quick turn-around (i.e., 48-hour basis). The analytical results would 
determine whether or not a specific stockpile would require additional treatment 
or could be disposed of as clean fill on site. Soil above action levels would 
require additional treatment or off-site disposal. 

Backfilling the Excavation Once contaminated soil has been removed, the 
excavation would be backfilled with the treated soil. The backfill material 
wouldbe transported from the treated soil staging area to open excavations using 
front-end loaders and dump trucks. The material would be spread across the 
excavated area using a bulldozer. 

Site Restoration and Demobilization Once the area has been backfilled, Ft would 
be seeded, fertilized, andmulched to promote vegetative growth. Hay mulch would 
be used to protect the soil during initial vegetative development. The stone and 
gravel used to construct the staging area and decontamination padwouldbe spread 
on site. Decontamination water generated during implementation of this 
alternative would be sampled and either discharged on the ground at SA 8 or 
discharged to a sewer for treatment at the Orlando STP. 

Depending on the future use of the site, the temporary water and electrical lines 
could be converted into permanent sources or dismantled and removed from the 
site. The office and storage trailers, heavy equipment and vehicles, miscella- 
neous equipment, and tools used during the implementation of this alternative 
would be demobilized. 

12.1.4.2 Technical Assessment for Alternative S-4 This sectionprovides detailed 
documentation of how Alternative S-4 would comply with various criteria. 

Overall Protection of Human Health and the Environment The soil washing 
alternative would eliminate human receptor exposure to CPCs in SA 8 and 9 surface 
soil because the CPCs would be removed from the soil. Surface soil extending to 
2 feet below grade would be excavated and treated to remove CPCs from soil 
matrix, and the resulting soil matrix would be used as backfill in the excavation 
areas. As a result, risks posed to human receptors by potential exposure to 
surface soil would be eliminated. 

This alternative would not adversely impact the environment, because clearing 
would stop at the existing tree line at SA 8 and only minimal clearing would be 
necessary at SA 9. Additionally, this alternative would eliminate ecological 
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receptor exposure to CPCs in SA 8 and 9 surface soil by excavation and on-site 
treatment. 

Compliance with ARARs Although bench-scale testing at other sites has shown 
removal efficiencies of up to 95 percent, testing at SA 8 and 9 would need to be 
completed before possible compliance with ARARs could be established. 

Long-Term Effectiveness and Permanence This alternative is expected to provide 
long-term effectiveness and permanence in removing CPCs from the soil matrix. 
The effectiveness of this technology for SA 8 and 9 surface soil would be 
determined during the treatability studies. Approximately 90 to 95 percent 
removal rates have been achieved for metals in soil by the soil washing process. 
However, only a 40 to 90 percent removal rate has been achieved for organics, in 
particular SVOCs, in soil. As a result, a bioremediation pretreatment step may 
be required prior to soil washing. If this does not reduce CPC concentrations, 
then excavated soil could be disposed of in a landfill. Five-year site reviews 
will be used to assess changes in site conditions and treated soil over time to 
ensure long-term effectiveness and permanence. 

Soil washing has been used at a limited number of CERCLA sites with similar 
wastes to remove arsenic from soil. It is anticipated that Alternative S-4 would 
provide permanent, effective removal of contaminants from the excavated soil, 
which would then be reused on site as backfill. 

Reduction of Mobilitv. Toxicity, Volume The toxicity of contaminants present in 
surface soil would be reduced by soil washing because the treatment process 
transfers contaminants from a soil matrix to fine particles in a sludge waste 
stream. The mobility of contaminants in the surface soil at SA 8 and 9 would be .=--- 

reduced because soil would be excavated and treated via soil washing to remove 
CPCs from the soil matrix. The volume of the soil washing process can 
concentrate 70 to 95 percent of the CPCs in a residual sludge cake representing 
as little as 5 percent of the original soil volume (USEPA, 1993). Because the 
volume of the treated soil is not significantly reduced, the material would be 
suitable for redeposition on site. 

Short-Term Effectiveness Through implementation of this alternative, there would 
be an immediate reduction in risk to human health. During excavation and soil 
handling activities, site workers would wear appropriate PPE for protection 
against exposure to site-related contaminants. 

This alternative would also ensure the protection of nonsite workers and 
trespassers immediately after treatment of excavated soil and backfilling the 
excavation with treated soil. 

Implementabilitv This alternative would be relatively difficult to implement 
because of the numerous site preparation steps required. First, a treatability 
testwouldbe required to optimize treatment parameters. Secondly, the treatment 
equipment is large and reliant on utilities. Finally, a large pretreatment soil 
staging area (approximately 20 feet by 80 feet) and treated soil staging area 
(approximately 40 feet by 80 feet).would need to be constructed. 

At a treatment rate of 300 tons per day, Alternative S-4 would take a minimum of 
two months to conduct mobilization, site preparation, excavation, treatment, 
backfilling, site restoration and demobilization activities. n 
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Cost The estimated cost for Alternative S-4 is approximately $1,483,000 and is 
summarized in Table 12-5. The estimate includes direct costs such as treatabili- 
ty studies, site preparation, staging area and berm construction, excavation, 
soil washing, sampling and analysis, backfilling, and site restoration. Indirect 
costs include health and safety, administrative and permitting fees, engineering 
and design, and construction support services. 

The O&M costs associatedwith this alternative include five-year site reviews for 
a 30-year period. Appendix N provides the detailed cost estimate used to develop 
the cost estimate presented in Table 12-5. Appendix 0 contains vendor literature 
and cost estimates used to develop this alternative. 

12.1.5 Alternative S-5: Excavation and Off-Site Disposal This alternative 
includes remedial actions to excavate surface soil at OU 3 and dispose of the 
excavated soil at an FDEP-approved and permitted disposal facility. A detailed 
description of this alternative is included in Paragraph 12.1.5.1 and the 
technical criteria assessment is included in Paragraph 12.1.5.2. 

12.1.5.1 Detailed Description of Alternative S-5 Under this alternative, ,the top 
2 feet of soil would be excavated, sampled and analyzed, transported and disposed 
of at an FDEP-approved off-site disposal facility. 

Major components of this alternative include 

. site preparation, 

. excavation and stockpile surface soil, 

. sampling and analysis (waste characterization and confirmatory 
sampling), 

. transportation and off-site disposal, 

. backfilling the excavation, and 

. site restoration and demobilization. 

These activities are discussed in the following sections. 

Site Preparation Under this alternative, heavy equipment such as front-end 
loaders, bulldozers, dump trucks, and a backhoe would be mobilized to OU 3. Site 
preparationwould include activities andconstructionprior to excavating surface 
soil. An office trailer and storage trailer would be delivered to the site. 
Generators and a water truck would be mobilized to the site to supply power and 
water during decontamination procedures. 

A temporary decontamination area would be constructed at the site. The 
decontamination pad would be constructed on the paved access road using crushed 
stone and gravel as containment berms and lined with 2 layers of 6-millimeter 
plastic sheeting. Equipment and vehicles used during site preparation, 
excavation, and soil handling would be steam-cleaned and decontaminated (at this 
location. The decontamination area would be approximately 20 feet by 40 :feet by 
3 feet and sloped toward a sump for collection of decontamination fluid for 
treatment and/or disposal. 

A large staging areawouldbe constructed on site for stockpiling excavated soil. 
The staging area would be large enough (200 feet by 50 feet) to hold 4 days of 
excavated soil to allow for quick turnaround of waste characterization samples. 
The staging area would be constructed using a 4-inch layer of crushed stone and 
gravel as the base and 3-foot-high containment berms. The gravel bed and 
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containment berms would be compacted using heavy equipment and lined with 2 
layers of 6-millimeter plastic sheeting to prevent precipitation from infiltrat- 
ing into the ground. 

Concrete pads and structures remaining on site would be removed and disposed off 
site. These materials would be disposed of at a local landfill that accepts C&D 
waste. 

Excavating and Stockpile Surface Soil This alternative applies to contaminated 
surface soil at SA 8 and SA 9. The total volume of contaminated surface soil 
above action levels is 9,030 yd3 as shown in Section 10.4. However, this volume 
includes the dense strip of wooded wetlands between SA 8 and Lake Baldwin. The 
highest arsenic concentration in this area is 10.4 mg/kg (sample location 
OSSOl5). Clearing and grubbing of trees and destroying wetland habitat to 
excavate surface soil in this area would not be practical or environmentally 
sound, given the relatively low overall arsenic concentrations in the wetlands. 
Therefore, excavating surface soil would include all areas up to the existing 
tree line at SA 8 (approximately 6,770 yd3). 

The surface soil would be excavated to a depth of approximately 2 feet bls using 
a front-end loader. Excavated material would be stockpiled in the staging area 
for waste characterization. For the purpose of this FS, it was assumed that 
approximately 500 yd3 per day will be excavated and stockpiled for offsite 
disposal. Based on a total of 6,770 yd3 of soil, it would take approximately 14 
days to excavate and stockpile the soil. 

Soil Sampling and Analvsis For Alternative S-5, two types of soil samples will 
be collected: (1) confirmatory samples of the open excavation areas and (2) waste ‘f-l 
characterization samples of the excavated soil. A sampling and analysis plan 
wouldbe developed to appropriately characterize the waste to meet FDEP approval. 
Soil samples would be collected from the open excavation areas to confirm removal 
of soil above action levels. For SA 8, one composite sample would be collected 
for every lOO-foot by lOO-foot excavation area for a total of 10 samples plus 3 
QA/QC samples. For SA 9, the extent of surface soil contamination above action 
levels is limited to the northwest drainage ditch. Therefore, three composite 
soil samples plus three QA/QC samples would be collected. Samples would be 
analyzed in accordance with USEPA protocols for TCL SVOCs, pesticides and 
herbicides, and TAL inorganics because certain chemicals on these lists are CPCs 
for the sites. 

For excavated soil, waste characterization is required for off-site disposal. 
Soil samples would be analyzed for toxicity using TCLP to meet off-site disposal 
requirements. The TCLP analyses would include inorganics (including arsenic) and 
organics such as VOCs, SVOCs, and pesticides and herbicides. For the purpose of 
this FS, it was assumed that one composite sample would be collected for every 
200 yd3 of excavated soil. Therefore, a total of 34 composite samples would be 
collected and analyzed. 

If analytical results determine that the soil passes the TCLP test, the soil 
would be disposed of at a nonhazardous landfill (Subtitle D). If analytical 
results determine that the soil fails TCLP testing, the soil would be disposed 
of at a hazardous landfill (Subtitle C). The analytical results would be 
forwarded to the appropriate land disposal facilities for approval. 
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For the purpose of this FS, it was assumed that excavated soil would be 
classified as nonhazardous waste at SA 8 and as listed hazardous waste at SA 9. 

Transportation and Disposal Excavated soil would be loaded directly onto 
Department of Transportation-approved (and placarded) tractor trailers I(22-ton 
load capacity). The rate of disposal would be dependent upon the number of 
tractor trailers available for off-site transport and proximity to the approved 
off-site disposal facility. 

Backfilling the Excavation Once contaminated soil has been removed, the 
excavation area would be backfilled with clean fill and topsoil. ThLe fill 
material and topsoil would be transported from a nearby off-site borrow source 
using dump trucks and tractor trailers. The material would be spread across the 
excavated area using a bulldozer. 

Site Restoration and Demobilization Once the area has been backfilled, it would 
be seeded, fertilized, and mulched to promote vegetative growth. Hay would be 
used to protect the seed and fertilizer during initial development. The stone 
and gravel used to construct the decontamination pad would be spread on site. 
Decontamination water generated during implementation of this alternative would 
be sampled and either discharged on the ground at OU 3 or discharged to sanitary 
sewers for treatment at the Orlando STP. The office and storage trailers, heavy 
equipment and vehicles, miscellaneous equipment, and tools used during the 
implementation of this alternative would be demobilized. 

12.1.5.2 Technical Assessment of Alternative S-5 This section provides detailed 
documentation of how Alternative S-5 would comply with various criteria. 

Overall Protection of Human Health and the Environment This alternative would 
eliminate human receptor exposure to CPCs in OU 3 surface soil because the soil 
would be excavated and disposed of off site. Surface soil above action levels 
would be removed from the site and.the resulting excavation would be backfilled 
with clean fill. As a result, risks posed to human receptors by potential 
exposure to surface soil would be eliminated. 

This alternative would eliminate ecological receptor exposure to CPCs in surface 
soil by excavation and off-site disposal. In addition, this alternative would 
not adversely impact the environment because trees and wetlands would relmain at 
the sites. According to the RI, the risks to ecological receptors from 
contaminated media at OU 3 are slight (sublethal). Therefore, the impact of 
removing trees, wetlands, and disturbance of habitat at SA 8 would be far greater 
than exposure to CPCs in surface soil. 

Compliance with ARARs It is expected that source excavation, transportation and 
disposal, and backfilling activities would comply with ARARs (Section 3.1). 

Long-Term Effectiveness and Permanence This alternative is expected to provide 
long-term effectiveness and permanence by excavation and off-site disposal of 
contaminated soil. Five-year site reviews will be used to assess changes in site 
conditions to ensure long-term effectiveness and permanence. 

Reduction of Mobility. Toxicitv, Volume Disposal of the excavated surface soil 
within an approved landfill would not reduce the toxicity, mobility, or volume 
of the waste because no active treatment of the soil would occur. However, the 
toxicity, mobility, and volume of waste wouldbe reduced'on site for OU 3 surface 
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soil because the waste would be transported and disposed of at an approved off- 
site disposal facility. 

Short-Term Effectiveness Through implementation of this alternative, there would 
be an immediate reduction in risk to human health. During excavation and soil 
handling activities, site workers would wear appropriate PPE for protection 
against exposure to site-related contaminants. 

This alternative would also ensure the protection of nonsite workers and 
trespassers immediately after backfilling the excavation with clean fill. 

Imolementabilitv This alternative would be relatively easy to implement because 
wetlands and trees would remain in place. Equipment and materials are readily 
available to excavate soil at OU 3. Site work will be completed within a 2-month 
period, and will require standard construction expertise. Because of the 
difficulty in obtaining borrow soil in the vicinity of the site, clean soil may 
be obtained from a nonlocal borrow source. The lack of local borrow sources 
would result in additional transportation cost, but does not render the 
alternative infeasible. 

At an excavation rate of 500 yd3 per day, Alternative S-5 would take approximate- 
ly two months to conduct mobilization, site preparation, excavation, sampling, 
disposal, backfilling, site restoration, and demobilization activities. 

cost The estimated cost for Alternative S-5 is approximately $691,000 which 
includes nonhazardous disposal (Subtitle D landfill) for SA 8 and hazardous 
disposal (Subtitle C landfill) for SA 9. The cost estimate is summarized in 
Table 12-6. The estimate includes direct costs such as site preparation, K--x 
excavation, sampling and analysis, backfilling, transportation and disposal, and 
site restoration. Indirect costs include health and safety, administrative, and 
permitting fees. 

The O&M costs associatedwith this alternative include five-year site reviews for 
a 30-year period. Appendix N provides the detailed cost estimate used to develop 
the cost estimate presented in Table 12-6. 

12.2 DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES. This section presents the 
detailed analysis for remedial alternatives that address contaminatedgroundwater 
at OU 3. The remedial alternatives that were developed for this medium were 
discussed in Subsection 11.2.2. These alternatives apply to groundwater at both 
SA 8 and SA 9. Issues specific or.unique to each SA will be addressed in each 
alternative. The remainder of this section presents the detailed analysis for 
these remedial alternatives. 

12.2.1 Alternative G-l: Limited Action Under this alternative, active 
remediation of groundwater at OU 3 would not be conducted. Administrative 
actions, such as groundwater use restrictions, would be taken to reduce the risk 
to human receptors posed by consumption of contaminated groundwater at OU 3. A 
description of this alternative is presented in Paragraph 12.2.1.1 and a 
technical assessment of this alternative is presented in Paragraph 12.2.1.2. 

12.2.1.1 Detailed Description of Alternative G-l Under this alternative, long- 
term sampling and monitoring would be conducted to assess whether or not CPCs 
are degrading over time via natural attenuation. Groundwater-use restrictions :- 
would involve the use of institutional controls that would restrict the use of 
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Table 12-6 
Cost Summary for Alternative S-5: Excavation and Off-Site Disposal 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

Cost ltem 

DIRECT COST 

Concrete Removal and Disposal 

Site Preparation and Mobilization 

Excavate, Stockpile, Load Soil 

Soil Sampling and Analysis 

Off-Site Transport and Landfill Disposal 

SA 6: RCRA Subtitle D (Solid Waste) 

SA 9: RCRA Subtitle C (Hazardous Waste) 

Backfill Excavation - Clean Fill and Topsoil 

Site Restoration and Demobilization 

Total Direct Cost 

Cost per ton ($/ton) 

cm 

$14,ooo 

$36,ooO 

$45,ooo 

$48,000 

$243,000 

$12,000 

$130,000 

$9,ooo 

s38,ooo 

$66/tori 

INDIRECT COST 

Health and Safety (at 3%) 

Administration Fees (at 3%) 

. Engineering and Design (at 0%) 

Construction Support Services (at 0%) 

Total Indirect Cost 

Total Cepitel Cost (Direct Cost plus lndiiect Cost) 

OPERATION AND MAINTENANCE (O&M) COSTS 

Present Worth - Five-Year Site Reviews (for 30 years) 

Total Capital Costs and O&M Costs 

Contingency (at 10%) 

Total Cost: Alternative S-5: Excavation and Off-Site 
Disposal 

Cost per ton ($/ton) 

Notes: % = percent. 
NA = not applicable 
S/ton = dollars per ton. 

$W33J 

$16,ooO 
NA 

NA 

$32,ooo 

$570,000 

$58,ooO 

$628,000 

S63,OOO 

$691,000 

$65/tori 
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the groundwater in the vicinity of SAs 8 and 9. Because hazardous substances, 
pollutants, or contaminants would be left in place at OU 3, this alternative 
would include the following components: 

f-7 

. groundwater-use restrictions, 

. groundwater monitoring, and 

. five-year site reviews. 

Groundwater-Use Restrictions Land-use plans and property deeds for land in the 
vicinity of the aerial extent of SAs 8 and 9 would be annotated to indicate that 
groundwater extraction for potable use in this area may pose a significant health 
risk if consumed untreated. The annotation would reference this RI/FS document, 
the PP, and ROD. The agency currently responsible for administering the well 
installation permit program will be formally requested not to issue permits for 
installation of potable wells screened in the surficial aquifer. Planning 
agencies, permitting agencies, and owners of property affected by OU 3 would be 
reminded annually of the groundwater-use restrictions. These restrictions would 
be removed only when a five-year site review indicates, based on the groundwater 
monitoring program results, that the OU 3 action levels have been achieved. 

Groundwater Monitoring Monitoring would occur on an annual basis and would 
consist of collecting groundwater samples from existing monitoring wells at each 
SA for laboratory analysis. For the purpose of this FS, annual monitoring for 
Alternative G-l was assumed to occur over a 30-year period. For each SA, nine 
monitoring wells will be selected (three upgradient, three downgradient, and 
three source area wells) for sampling. A total of 13 samples (9 monitoring wells 
and 4 QA/QC) would be collected from each SA. 

Groundwater at OU 3 was previously analyzed for all TCL and TAL analytical 
parameters. Analytical results showed detections of a select number of 
compounds. Thus, for the annual monitoring program, groundwater would be 
analyzed for only those compounds that were previously detected, which include 
TCL SVOCs, pesticides, herbicides, and TAL inorganics. Every fifth year, 
sampling of groundwater would consist of all VOC, SVOC, inorganic, and pesticide 
analytical parameters. All data would be used to evaluate if site contaminant 
concentrations are continually decreasing or if a plume of contaminants may be 
migrating toward a potential receptor. Data would be summarized and managed on 
an annual basis for use in the five-year reviews. 

Five-Year Site Reviews Because wastes and associated risks are left on site, the 
Navy, USEPA, and FDEP must review site conditions and determine that the 
continued implementation of this alternative is appropriate. Site reviews would 
occur every 5 years until the action levels are attained. It is assumed, for 
this FS, that these reviews would occur over a 30-year period. Reviews would 
consist of evaluating monitoring data and assessing changes in site conditions 
(e.g. construction, demolition, receptors, migration pathways, and qualitative 
risks). The appropriateness of this alternative would be compared to other 
remedial alternatives to confirm that this alternative was still the most 
appropriate selection for OU 3. 

12.2.1.2 Technical Assessment of Alternative G-l This subsection provides the 
technical assessment of Alternative G-l against the seven criteria. 

Overall Protection of Human Health and the Environment Exposure to contaminated ‘"---%. 
groundwater would be addressed via groundwater-use restrictions. Humans would 
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be prevented from developing a drinking water well within the surficial aquifer 
at OU 3 and drinking untreated groundwater. This alternative would not provide 
a maximum standard of protection to humans (i.e., groundwater treatment). 

No adverse short-term or cross-media effects are anticipated with this YLimited 
action alternative. However, groundwater discharges to the wetlands near Lake 
Baldwin, which may contain CPCs above action levels. 

Compliance with ARARs This alternative would not comply with chemical-specific 
ARARs (e.g., MCLs or GCTLs), in the short term. Eventually, this alternative may 
comply with ARARs if natural processes, including physical, chemical, and 
biological changes in the aquifer reduce contaminant concentrations. 

Long-Term Effectiveness and Permanence Naturally occurring processes, such as 
biological activity, may reduce organic contaminant concentrations in the aquifer 
over the long term. However, human risks due to ingestion of groundwater from 
the surficial aquifer would not be addressed via treatment and would remain over 
a period of several decades until concentrations are reduced by natural 
processes. 

Groundwater monitoring would provide a means of evaluating the concentrations of 
contaminants in groundwater and predicting the degradation rate of contaminants. 
Administrative actions proposed in this alternative would provide a means of 
exposure control, but would not provide a permanent remedy for risks posed by the 
site. Groundwater monitoring and administrative actions are considered reliable 
controls. 

Reduction of Toxicity, Mobility, and Volume Through Treatment Although no 
treatment is included in this alternative, this alternative provides some 
reduction in contaminant toxicity of SVOCs throughnaturaldegradationprocesses. 
However, this alternative would not provide a reduction in contaminant mobility 
or volume because no groundwater extraction or treatment is proposed. This 
alternative would not enhance or increase the rate of natural transformation 
processes that reduce the toxicity, mobility, or volume of contaminants in 
groundwater. 

Human health toxicity posed by ingestion of groundwater contaminations would 
remain over a period of several decades until concentrations are reduced by 
natural processes. No treatment residuals would be produced if this alternative 
were implemented. 

Short-Term Effectiveness Because groundwater is not currently being used as a 
drinking water source at OU 3, there is no change in short-term risks. However, 
groundwater-use restrictions wouldbe implemented to prevent humans from drinking 
untreated water from the surficial aquifer. 

This alternative would not comply with RAOs in the short term because the only 
means of contaminant reduction posed by this alternative is natural degradation. 
Based on the baseline RA, this alternative does not pose a threat to workers 
through exposure to contaminated groundwater. 

Implementabilitv This alternative does not require remedial construction for 
implementation. Other activities, such as groundwater monitoring, implementation 
of groundwater use restrictions, and five-year site reviews are easily 

NTC-RIFS.OU3 
PMw.05.99 1231 



implemented, although administratively burdensome. Severalvendors provide these 
services in the Orlando area. Monitoring equipment is easily obtained. f--+-. 

Cost The present worth cost of Alternative G-l is $741,000 and is presented in 
Table 12-7. This estimate includes the cost of the groundwater monitoring 
program, groundwater-use restrictions, and five-year site reviews over a 30-year 
period, as suggested by USEPA guidance (USEPA, 1988c). The detailed cost 
estimate for Alternative G-l is presented in Appendix N. 

12.2.2 Alternative G-2: Permeable Reactive Treatment Walls Alternative G-2 is 
an innovative in situ alternative to address organic and inorganic contaminants 
in groundwater. A description of- this alternative is presented in Paragraph 
12.2.2.1 and a technical assessment of this alternative is presented in Paragraph 
12.2.2.2. 

12.2.2.1 Detailed Description of Alternative G-2 Permeable reactive treatment 
walls are an emerging technology for the treatment of contaminated groundwater. 
A permeable reactive barrier is defined as an emplacement of reactive materials 
in the subsurface designed to intercept a contaminant plume, provide a continuous 
flow path through the reactive material, and transform the contaminants into 
environmentally acceptable forms to attain remediation concentration goals at the 
discharge side of the wall. Treatment walls allow groundwater to move passively 
through the wall while precipitating, sorbing, or degrading CPCs. Figure 12-4 
provides a detailed schematic of a typical permeable reactive barrier. 

Site characterization, including a study of the hydrology, geology and 
contaminant distribution, is the first step in evaluating the use of these 
treatment walls. Studies have shown that the best site for a treatment wall is 

n 
: 

one having porous sandy soil, contaminant no deeper than 50 feet bls, and a 
steady flow of groundwater. OU 3 is a site that fits this description. 

Alternative G-2 is an in situ process that requires no extraction of groundwater; 
however, soil must be excavated to-install these walls in a trench-like system. 
The following components would be included as part of this alternative: 

. treatability studies, 

. wall installation, 

. five-year reviews, 

. groundwater and system monitoring, and 

. groundwater-use restrictions. 

Treatability Studies Prior to full-scale implementation of this alternative, 
treatability studies would be conducted to determine the effectiveness of CPC 
removal (arsenic, pesticides and herbicides) from groundwater. Treatability 
studies are necessary for determining process requirements, reactive wall 
material, treatment duration, and costs. Treatability studies include a bench- 
scale evaluation of the permeable reactive wall process. 

To design the treatment wall, the proper reactive media and the required 
residence time in the reaction zone are calculated. Treatability studies using 
batch reaction tests and laboratory column tests are performed. Column tests are 
conducted by packing a column with reactive media and passing the contaminated 

n 
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Table 12-7 
Cost Summary Table for Alternative G-l: Limited Action 

Cost item 

DIRECT COST 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida - 

Cost - SAs 8 and 9 
- 

Groundwater-Use Restrictions (SAs 8 and 9) 

Total Direct Cost 

$10,000 

$10,000 - 

INDIRECT COST 

Health and Safety (at 3%) 

Administration and Permitting Fees (at 3%) 

Engineering and Design (at 10%) 

Construction Support Services (at 10%) 

Total Indirect Cost 

NA 

NA 

NA 

NA 

NA - 
= 

Total Capital Cost (Direct + Indirect) $lO,ooo 

OPERATION AND MAINTENANCE IO&M) COST 

Annual Groundwater Monitoring 

five-year Groundwater Monitoring (annualized) 

five-year Site Reviews (annualized) 

Present worth of O&M (over 30-year period) 

Total Capital and O&M Cost 

Contingency (at 10%) 

$36,000 

$WW 

$6,000 

$663,000 

$673,000 - 

67,000 
W 

Notes: % = percent. 
NA = not applicable. 

Total Cost of Alternative G-l: Limited Action $741,000 - 

- 
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groundwater through the column until steady state performance is reached. The 
flow velocities are adjusted to simulate realistic groundwater flows. 

Wall Installation Treatment walls are installed underground by constructing a 
trench perpendicular to the flow path of contaminated groundwater and filling it 
with a reactive material (such as iron shavings) to degrade the specific types 
of contaminants. At some sites, a "funnel and gate" system is created 
underground to direct the flow of water through the wall. The extent of 
treatment and the success of the permeable barrier system depends on the nature 
of contaminants, the choice of reactive material, and the physical design of the 
wall. 

Five-Year Site Reviews Refer to Alternative G-l for a detailed description of 
five-year site reviews. In addition to the basic report, a summary of the 
actions taken, quantities and types-of reactive materials used, and effectiveness 
of the alternative will be presented. 

Groundwater and System Monitoring Refer to Alternative G-l for a detailed 
description of groundwater monitoring. In addition to the groundwater monitoring 
activities for Alternative G-2, the treatment effectiveness and the opera,tion of 
the reactive wall system would also be monitored on a periodic basis throughout 
remedy implementation. Activities would include wall maintenance and other 
process monitoring requirements. 

Groundwater-Use Restrictions Refer to Alternative G-l for a detailed descrip- 
tion. 

12.2.2.2 Technical Assessment of Alternative G-2 This subsection presents the 
technical assessment of Alternative G-2. 

Overall Protection of Human Health and the Environment This alternative would 
provide protection to future human receptors by preventing the use of OU 3 
groundwater as a potable supply until the contaminated water is cleaned via the 
permeable reactive barrier. Humans would be protected in the short term because 
they would be prevented from consuming any water from OU 3 until cleanup is 
completed. 

Compliance with ARARs In the short-term, this alternative would not achieve 
chemical-specific ARARs. This alternative may eventually achieve chemical- 
specific ARARs for arsenic and SVOCs (pesticides, herbicides) by degrading, 
transforming, precipitating, or adsorbing the target solutes as groundwater flows 
through the reactive wall. Groundwater monitoring will be used to evaluate 
compliance with ARARs. 

LonP-Term Effectiveness and Permanence The long-term andpermanenteffectiveness 
of these barriers have not yet been proven. Although the barriers are designed 
to last for years with little maintenance, the stability of the walls over long 
periods of time has not yet been proven. 

This technology is viable for use at OU 3. Site characterization, along with 
positive results of treatability studies for arsenic and other chemicals, proves 
that permeable reactive barriers are an attractive alternative for groundwater 
treatment at OU 3. 
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Reduction of Toxicity, Mobility. and Volume of Contaminants Through Treatment 
This alternative would accelerate reduction in contaminant toxicity of arsenic 
and inorganic contaminants at OU 3. Data on the reduction in toxicity of 
pesticides and herbicides by reactive walls are not developed or published. The 
treated water would need to be tested to confirm the effectiveness on pesticides 
and herbicides. This alternative would not provide a significant reduction in 
contaminant mobility or volume because groundwater extraction is not proposed. 
The possibility of human health risks posed if groundwater is ingested would 
remain until concentrations are reduced by the reactive wall processes. 

The implementation of this alternative would provide no additional risks to human 
or ecological receptors over baseline conditions. This is because all treatment 
proposed by this alternative occurs in situ, making exposure to groundwater 
contamination limited. Furthermore, no residuals are produced by this 
alternative. 

Short-Term Effectiveness This alternative offers some short-term effectiveness 
because these barriers react with the groundwater as the water passes through the 
barrier. However, hydraulic conductivity values at OU 3 are relatively low (2.74 
ft/day at SA 8 and approximately 0.2 ft/day at SA 9), which offers no short-term 
effectiveness for treating groundwater upgradient of the walls. 

This alternative may pose a low-level threat to workers through exposure to CPCs 
in soil and groundwater during excavation of the trench and installation of the 
reactive wall. 

Implementability Construction and implementation of permeable reactive walls are 
easily achieved. Excavation of a trench of the proper size and backfilling with f--x 
reactive material is all that is necessary. 

Cost The present worth cost for Alternative G-2 is approximately $1,670,000 at 
SA 8 and $1,498,00 at SA 9. This cost includes direct, indirect, and O&M costs 
for the treatment system in addition to the direct cost and the O&M cost for the 
groundwater monitoring program presented in Alternative G-l. A complete cost 
summary is presented in Table 12-8. The detailed cost calculations are included 
in Appendix N. 

12.2.3 Alternative G-3: Phvtoremediation Alternative G-3 consists of ex situ 
phytoremediation of contaminated groundwater. A description of this alternative 
is presented in Paragraph 12.2.3.1 and a technical criteria assessment of this 
alternative is presented in Paragraph 12.2.3.2. 

12.2.3.1 Detailed Description of Alternative G-3 Phytoremediation is an 
innovative treatment technology that relies upon a plant's natural ability to 
accumulate and/or degrade CPCs. A general schematic of the phytoremediation for 
groundwater process is shown on Figure 12-5. This alternative would consist of 
pumping contaminated groundwater through aphytoremediation system. A greenhouse 
wouldbe constructed at each SA and selected species of plants (indigenous plants 
tested first) would treat the groundwater as it was pumped through gravel beds 
installed in the greenhouses. Phytoremediation of arsenic in groundwater has 
yielded removal rates of up to 95 percent for arsenic andvarying results between 
40 to 90 percent for VOCs and SVOCs using sunflowers, Brassica, or B. Juncea 
plants. 
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Table 12-8 
Cost Summary for Alternative G-2: Permeable Reactive Treatment Walls 

Cost ltem 

DIRECT COST 

Groundwater-Use Restrictions 

Treatability Studies 

Site Preparation and Mobilization 

Wall Construction 

Labor 

Excavated Soil Disposal 

Site Restoration and Demobilization 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

I Study Area 8 Cost 

$5,606 

$15,660 

$54,ooo 

$348,Qw 

$34,ooo 

$104,ooo 

$9,ooo 

Total Direct Cost $57O,ow 

Study Area 9 Cost 

$5,6w 

$15,606 

w,(H)0 

$275,006 

$34,000 

$6Q,ow 

$7,096 

$446,666 

INDIRECT COST 

Health and Safety (at 3%) 

Administration and Permitting Fees (at 3%) 

Engineering and Design (at 10%) 

Construction Support Services (at 10%) 

Total Indirect Cost 

Total Capital Cost (Direct + Indirect) 

OPERATION AND MAINTENANCE (O&M) COSTS 

Treatment O&M (30-year period) 

System Maintenance 

Wall Material Replacement & Disposal 

Present Worth Treatment O&M (30-year period) 

Monitoring O&M (3~year period) 

Annual Groundwater Monitoring 

five-Year Site Reviews (annualized) 

Present Worth Monitoring O&M (30-year period) 

$17,ooo $13,066 

$17,006 $13,6cKl 

$57,009 345,066 

957,ooo $45,666 

$148,099 $116,096 
- 

Q718,OCKl $562,066 

$19,cKNJ $19,wo 

$12,596 $12,500 

$430,000 $430,666 

$21,066 $21,666 

$S,ooO $6,000 
3371,066 $371,066 

Total O&M Cost $soo,ooo $800,000 

Total Capital Cost and O&M Cost $1,518,0oo $1,362,066 

Contingency (atlO%) $152,WO $136,090 

Total Cost: Alternative G-2: Permeable Reactive Treatment Walls $1,670,600 $1,498,000 

Note: % = percent. 
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The components of Alternative G-3 include 

. conduct bench-scale treatability test of plant species; 

. cultivate and harvest plants suitable for contaminant removal; 

. conduct pilot-scale treatability tests at OU 3; 

. install groundwater extraction system; 

. implement phytoremediation process; 

. harvest and remove plants that have bioaccumulated CPCs; 

. treat and dispose of rooted plants, as necessary; 

. collect and analyze groundwater samples for CPCs; 

. replant specific plant species in gravel beds, as needed; 

. confirm CPC removal with confirmatory groundwater sampling; and 

. perform five-year site reviews, 

Bench-Scale Testing of Plant Species Because phytoremediation is an innovative 
technology in the early stages of development, laboratory research on plant 
species needs to be conducted to evaluate and select plants with the greatest 
affinity for site contaminants. Care would be taken to ensure native plant 
species were tested thoroughly for a suitable candidate before nonnative plants 
were considered. There are several mechanisms by which plants can remove 
contaminants (GWRTAC, 1996), the most common include 

. 

. 

. 

. 

. 

Rhizofiltration: 

Phytoextraction: 

Phytotransformation: 

Phytostimulation: 

Phytostabilization: 

the absorption, concentration, and precipitation 
of heavy metals by plant roots. 

the extraction and accumulation of contaminants 
in harvestable plant tissues including roots and 
surface, shoots. 

the degradation of complex organic molecules to 
simple molecules and incorporation of these 
molecules into plant tissues. 

the stimulation of microbial and fungal degrada- 
tion by release of enzymes into the root zone. 

the absorption and precipitation of contaminants 
(principally metals) by plants, reducing contami- 
nant mobility and preventing migration. 

Cultivate and Harvest Plants Suitable for Contaminant Removal After bench-scale 
testing of plants is complete, a supply of selected plants would need to be 
available for planting in the gravel beds. The plants may be purchased at plant 
farms, or they may be cultivated elsewhere at NTC, Orlando and transplanted to 
the SAs. This alternative was priced assuming three crops per year would be 
needed during groundwater extraction (30+ years at SA 8, 22 years at SA 9) to 
complete groundwater remediation. 

Groundwater Extraction Contaminated groundwater would be captured and removed 
from the aquifer by an extraction well network. A system at SA 8 would consist 
of four extraction wells each pumping at 2.5 gpm and a system at SA 9 would 
consist of six extraction wells each pumping at 0.25 gpm. Calculations to 
support these flow rates are provided in Appendix M. Extraction wells would be 
connectedvia manifold piping to a groundwater treatment facility within each SA. 
The configuration for the extraction well network is shown in Appendix M. At 
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SA 8, these wells would be pumped at a combined rate of 10 gpm and a combined 
rate of 1.5 gpm at SA 9. 

For Alternative G-3, these pumps would operate on a timed cycle to allow for long 
residence times in the treatment beds. For the pump-and-treat alternatives 
(Alternatives G-4 and G-5), these pumps would operateon a continuous flow basis. 
The configuration and pumping rates are used only to develop cost estimates. 
Therefore, the actual number, location, and pumping rate of the extraction wells 
should be developed during the remedial design phase based on actual pumping 
tests. 

Using the well configuration shown in Appendix M and the USEPA well head 
protection area model, capture curves and pumping duration of the groundwater 
extraction system was developed. These data appear in Appendix M. The USEPA 
model predicts that the groundwater extraction system would take approximately 
400 days to draw water from the farthest boundaries of-the plume at SA 8 and 300 
days at SA 9. 

Stagnation zones of negligible groundwater flow would be created between pumping 
wells; therefore, contaminated groundwater in these zones wouldnotbe drawn into 
the extraction system. The stagnation zones could be minimized by changing the 
pumping rates for each well during the course of the remediation. This would 
help flush the stagnation zones. Additionally, after contaminant concentrations 
in the plume have been reduced to below action levels, several of the wells could 
be converted from extraction to injection wells. Clean water would be injected 
into the aquifer to flush out the stagnation zones so the remaining contaminated 
groundwater could be drawn into the extraction system. The USEPA model predicts 
that the groundwater reinjection system would take approximately 180 days to f-3 
flush out stagnation zones that would form between the pumping wells at SA 8 and 
approximately 180 days at SA 9. 

In the batch flush model, arsenic, MCPA, and MCPP were selectedbecause they have 
relatively high soil retardation coefficients (24.2, 5.93, and1.75, respective- 
ly) combined with relatively high concentrations at SA 8 and SA 9. As a result, 
extraction of approximately 3 to 24 pore volumes at SA 8 and 4 to 17 pore volumes 
at SA 9 would be required to reduce the three CPC concentrations (arsenic, MCPA 
and MCPP) to action levels. Therefore, total treatment duration is variable 
depending on the CPC selected. Using the most conservative (e.g., longest) 
treatment duration, total extraction system operation would take approximately 
38 years at SA 8 and 22 years at SA 9. Calculations to support these estimates 
are provided in Appendix M. 

Phvtoremediation Process A greenhouse would be constructed near the recovery 
wells. Three greenhouses would be constructed at SA 8 and SA 9. Fencing would 
be constructed around areas of operation for phytoremediation at SA 8 and 9. 
Signs would also be posted at the perimeter. 

Gravel-filled trenches inside the greenhouses would contain the plant species 
selected in bench- and pilot-scale testing. Contaminated groundwater would be 
pumped through the gravel matrix, and several of the phytoremedial processes 
described above would act on the groundwater. A schematic of the phytoremediat- 
ion process is presented on Figure 12-5. 
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After the treatment process, the groundwater would be returned to the surficial 
aquifer via infiltration beds. The infiltration beds would be placed downgradi- 
ent of the extraction wells to avoid recirculation of the treated groundwater. 

Harvest and Remove Plants That Have Bioaccumulated CPCs Once plants have 
accumulated contaminants, plant tissue that concentrates the CPCs can be 
harvested. The harvested tissue may be processed to manage the accumulated CPCs 
and other plant tissue in an environmentally sound and cost-effective manner. 

Treat and Dispose Of Harvested Plant Tissue Because the primary CPC at NTC, 
Orlando is an inorganic, and the selected species will accumulate arsenic, 
disposalwillbe required. If significant accumulation takes place only in roots, 
then only these tissues would be disposed of or processed. The most common 
process for dealing with metals-enriched plant material is controlled incinera- 
tion, which results in ash with a high metals content. Preliminary information 
indicates that wood from trees that have taken up degraded organics can 'be used 
for pulp. 

Groundwater Sampling To ensure that phytoremediation is occurring at the site, 
groundwater sampling and analysis events will be conducted as part of ongoing O&M 
activities. Groundwater sampling and analysis of the influent and effluent would 
be conducted for the duration of phytoremediation processes to ensure RAOs are 
achieved. 

Five-Year Site Review A five-year site review will be conducted as outlined in 
Alternative G-l. At the end of,the review period, the performance of the 
alternative would be evaluated, and modifications may be made based on progress 
and expected future land use for the SA. 

Groundwater-Use Restrictions Refer to Alternative G-l for a detailed descrip- 
tion. 

12.2.3.2 Technical Assessment of Alternative G-3 This paragraph presents the 
technical assessment of Alternative G-3. 

Overall Protection of Human Health and the Environment This alternative would 
provide protection to future human receptors by preventing use of OU 3 
groundwater as a potable supply until the contamination has been cleaned up via 
extraction and treatment. Humans would be protected in the short term 'because 
they would be prohibited from consuming water from the surficial aquifer until 
complete aquifer restoration (i.e., when action levels are achieved). This 
alternative provides a maximum standard of protection to humans (i.e., 
groundwater treatment). 

By implementing this alternative, no adverse short-term or cross-media effects 
are anticipated. This alternative would likely reduce the mass of contaminants 
in the groundwater over time. 

Comoliance with ARARs This alternative may not comply with chemical-specific 
ARARs in the short term because phytoremediation is not likely to immediately 
reduce concentrations of arsenic, MCPP, or MCPA in the groundwater. Ultimately, 
compliance with ARARs may be achieved; however, reductions are unknown for SAs 
8 and 9, and a better evaluation would be possible after bench- and pilot-scale 
testing. 
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Long-Term Effectiveness and Permanence Phytoremediation effectiveness is not 
well developed. Successful implementation of this alternative offers a long-term n 

and permanent remedy for groundwater remediation. Because this is an innovative 
technology, long-term effectiveness data at other sites is not available at this 
time. However, early testing with some species has resulted in 90 to 95 percent 
reductions in soluble forms of arsenic. Long-term effectiveness and permanence 
will be further evaluated based on pilot-test information. 

Reduction of Toxicity, Mobility, and Volume of Contaminants Through Treatment. 
This alternative should permanently re‘duce toxicity, mobility, andvolume of CPCs 
in groundwater. CPCs will be phytodegraded, biotreated, and/or directly taken 
up by plants for removal and disposal. 

Short-Term Effectiveness Achieving optimum performance of phytoremediation may 
take time; therefore, effectiveness in the short term is questionable. Natural 
bioaccumulation and/or biodegradation can be a slow process. Implementation of 
this alternative may not result in an immediate decrease in CPC concentrations. 

Imnlementabilitv Based on the variety and growth rate of existing plant life at 
NTC , Orlando, implementation would be relatively easy in terms of growing 
conditions. Construction of the groundwater extraction system and greenhouses 
is slightly more difficult than in other options because of the equipment and 
constructionnecessary. Monitoring equipment is easily obtained, and groundwater 
monitoring, five-year site reviews, and groundwater-use restrictions are easily 
implemented. 

Cost The estimated cost for Alternative G-3 is approximately $4,095,000 at SA 
8 and $3,525,000 at SA 9. These estimates are summarized in Table 12-9. The ,----Ye 

estimate includes direct costs such as site preparation, bench- and pilot-scale 
treatability studies, purchase and planting of nonnative species of plants, 
harvesting and disposal of plants, groundwatermonitoring, long-termmaintenance, 
and site restoration. Indirect costs include health and safety, administrative 
and permitting fees, engineering and design, and construction support services. 

The O&M costs associated with this alternative include plant removal and 
replanting, system and utility' maintenance, influent/effluent sampling, 
groundwater monitoring, and five-year site reviews during the treatment duration 
(30 years at SA 8 and 22 years at SA 9). Appendix N provides the detailed cost 
estimate used to develop the cost estimate presented in Table 12-9. Appendix 0 
contains a Phytoremediation Technology Summary Report andvendor informationused 
to develop this alternative. 

12.2.4 Alternative G-4: Groundwater Extraction, Treatment, and Discharge to 
Orlando STP. Alternative G-4 consists of'groundwater extraction, treatment of 
organics viaUV/OX, filtration and activated carbon, and discharge to the Orlando 
STP. A description of this alternative is presented in Paragraph 12.2.4.1 and 
a technical criteria assessment of this alternative is presented in Paragraph 
12.2.4.2. 

12.2.4.1 Detailed Description of Alternative G-4 Rather than providing complete 
treatment to achieve treatment levels for discharge to surface water, this 
alternative consists of providing only the pretreatment required to discharge to 
a sanitary sewer for treatment in the POTW. This alternative consists of 

' 
/-‘h, 

specific stages for treating the contaminated water. First, the groundwater is ' 
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Table 12-9 
Cost Summary for Alternative G-3: Phytoremediation 

Remedial investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Cost ltem I Study Area 8 Cost I Study Area g Cost 

DIRECT COST 

Groundwater-Use Restrictions $5,ooo $5,ooo 

Site Preparation and Mobilization $22,000 $5400 

Bench-Scale Treatability Study $11,600 $11 ,cKx3 

Pilot-Scale Treatability Study $lO,Kro $1o,cc6 

Groundwater Extraction System $12O,ooo $145,CKx) 

Purchase and Setup of Greenhouses $83,ooo $83,CNx) 

Purchase and Plant Selected Species $24,ooO $24,CKXJ 

Site Restoration and Demobilization $9,ow $7,CKx) 

Total Direct Cost $283,goo $290,c100 

INDIRECT COST 

Health and Safety (at 3%) 

Administration and Permitting Fees (at 3%) 

Engineering and Design (at 10%) 

Construction Support Services (at 10%) 

Total Indirect Cost 

Total Capital Cost (Direct + Indirect) 

OPERATION AND MAINTENANCE (O&M) COSTS 

s&o00 $9,ooa 

$8,f330 $woo 

$28,ooO $29,ooo 

$28,000 $29,ooo 

$74,ooo $76,CKIO 

$357,ooo $3ss,cm 

Treatment O&M (30-vear period at SA 8, 22-vear period at SA g) 

Plant Removal and Replanting 

Utilities and System Maintenance 

Influent/Effluent Sampling 

Present Worth Treatment O&M (30-year and 22-year periods) 

Monitoring O&M (3Ckvear and 22-year periods) 

Annual Groundwater Monitoring 

five-Year Site Reviews (annualized) 

Present Worth Monitoring O&M (30-year and 22-year periods) 

$31 ,ooo $25,CKJfI 

$65,WO $62,060 

$122,600 $122#00 

$2,995,ooo $2,514,CKx) 

$21,600 $21,CKJo 

$6,WO $6,ooO 

S371,wo $324,CKx) 

Total O&M Cost 

Total Capital Cost and O&M Cost 

Contingency (at 10%) 

Total Cost: Alternative G-3: Phytoremediation 

Notes: % = percent, 
SA = Study Area. 

$3,366,0rIO $2,838,660 

$3,723,0oo $3,204,6w 

WZOW $32O,CHx) 

$4,095,0oo $3,525,CKKI 
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extracted from an extraction well network. Then the water is treated with acid 
for pH adjustment, followed by W/OX treatment. The water is then sent through ‘*/-b; 
canisters of activated carbon and sand filters to capture contaminants. Finally, 
the effluent water is pumped into a sanitary sewer line. A detailed treatment 
train for this alternative is provided on Figure 12-6. 

The components of Alternative G-4 include 

. groundwater extraction, 

. pH adjustment and W/OX, . 

. filtration and carbon adsorption, 

. treated groundwater discharge, 

. five-year reviews, 

. groundwater and system monitoring, and 

. groundwater-use restrictions. 

Groundwater Extraction Refer to Alternative G-3 for a detailed description of 
the extraction well system and duration of extraction. Calculations supporting 
configuration of the system and durations of extraction and pumping periods are 
included in Appendix M. 

Under this alternative, the treatment system would operate for approximately 
eight years at SA 8 and approximately 22 years at SA 9 to remove organic 
contaminants. After this period, the system would be shut down but the pumps 
would continue to operate in order for arsenic to be treated at the POTW. The 
total pumping periodwouldbe approximately 30 years (to remove arsenic, the most 
recalcitrant compound) at SA 8, and 22 years (to remove MCPA) SA 9. Supporting 
calculations are included in Appendix M. F---a 

pH Adiustment and W/OX Following extraction, the pH of extracted groundwater 
wouldbe lowered with sulfuric acid to prevent inorganics from precipitating (and 
thus fouling equipment) during W/OX treatment. After pH adjustment, hydrogen 
peroxide would be added and water would be sent through the W/OX contactor. 

W/OX is a destructive process that oxidizes organics in wastewater by the 
addition of strong oxidizers and irradiation with W light. Oxidation of target 
contaminants is caused by direct reaction with the oxidizers, W photolysis, and 
through the synergistic action of W light, in combination with ozone, and 
hydrogen peroxide. If complete mineralization is achieved, the final products 
of oxidation are carbon dioxide, water, and salt. 

W/OX with hydrogen peroxide has proven effective in removing VOCs, some SVOCs, 
and oxidizing inorganics in water. The pH of the effluent from the W/OX 
contactor would be raised using sodium hydroxide in order to begin precipitation 
of oxidized inorganic compounds by Orlando STP. Due to the relatively low 
concentrations of organic CPCs, a two-step treatment step (W/OX followed by 
carbon adsorption) is necessary to reduce CPC concentrations to below action 
levels. 

Filtration and Carbon Adsorption Filtration would be used to remove any 
suspended solids from the effluent stream and prevent fouling of the carbon 
adsorptive media. Sand filters with potassium permaganate ("green sand") would 
be used in conjunction with the carbon adsorption process. As a polishing step 
prior to discharge, effluent would be passed through a canister containing 
activated carbon. 

f----m 
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Activated carbon treatment would remove any remaining VOCs, as well as low 
concentrations of detected SVOCs and other synthetic organics. For arsenic, 
specially designed carbon media are commercially available. Periodically, the 
carbon and sand units would require replacement, and spent carbon and sand would 
be shipped off site for disposal or regeneration. 

Liquid phase carbon adsorption is a full-scale technology in which groundwater 
is pumped through one or more vessels containing activated carbon to which 
dissolved organic contaminants adsorb. If the concentration of contaminants in 
the effluent exceeds a certain level, the carbon can be regenerated in place, 
removed and regenerated off site, or removed and disposed of. Adsorption by 
activated carbon has a long history of use in treating municipal, industrial, and 
hazardous wastes. 

Treated Groundwater Discharge Treated water would be discharged to a sanitary 
sewer near the site for ultimate discharge to Orlando STP. Once the treatment 
system is shut down (after 8 years at SA 8 and 22 years at SA 9) untreated 
groundwater would continue to be pumped to the STP from SA 8 only. This is 
necessary because arsenic concentrations are anticipated to remain above action 
levels (but below STP discharge limits) after the organics have been effectively 
reduced. Refer to Appendix M for calculations supporting the duration estimates. 
The effluent discharge criteria for Orlando POTW are listed in Table 10-5. This 
discharge would adhere to NTC, Orlando's current discharge permit (i.e., the 
introduction of contaminants to the POTW would not cause interference with the 
operation of the POTW, create a fire or explosion hazard in the sewer or POTW, 
cause corrosive damage to the POTW, and would not obstruct the flow of water to 
the POTW). Furthermore, treated groundwater would be sampled and analyzed to 
confirm compliance with NTC, Orlando's permit limitations (Table 10-5). 

Five-Year Site Reviews Refer to Alternative"Gy.1 for a detailed description of 
the basic site review. In addition, extraction and treatment performance will 
be summarized and evaluated. Compliance with treatment levels will also be 
evaluated. The summary will include monitoring results, quantities of 
contaminants removed or treated, and amounts and quality of residuals produced 
and removed from the site. 

Groundwater and System Monitorinh Refer to Alternative G-l for a detailed 
description of groundwatermonitoring. For systemmonitoring, the extraction and 
treatment effectiveness would also be monitored on a continual basis throughout 
remedy implementation. Operational activities would include pH adjustment, W/OX 
maintenance, pH dose alterations, carbon replacement, and other process 
monitoring requirements. Additional monitoring performance would include 
extraction system performance (e.g., flow and capture zone), treatment plant 
influent quality, and effluent quality. 

Groundwater-Use Restrictions Refer to Alternative G-l for a detailed descrip- 
tion. 

12.2.4.2 Technical Assessment of Alternative G-4. This paragraph presents the 
technical assessment of Alternative G-4 against the seven criteria. 

Overall Protection of Human Health and the Environment This alternative would 
provide protection to future human receptors by preventing use of OU 3 
groundwater as a potable supply until the contamination has been cleaned up via 
extraction and treatment. Humans would be protected in the short term because 
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they would be prohibited from consuming water from the surficial aquifer until 
complete aquifer restoration (i.e., when action levels are achieved). This 
alternative provides a maximum standard of protection to humans (i.e., 
groundwater treatment). 

By implementing this alternative, no adverse short-term or cross-media effects 
are anticipated. 

Compliance with ARARs This alternative would comply with all ARARs. 

Long-Term Effectiveness and Permanence This alternative offers a long-term and 
permanent remedy for groundwater contamination without relying on natural 
transformation processes for organic contaminants. Extraction and treatment of 
the groundwater, including further treatment at the POTW, ensures the reduction 
of contamination. Groundwater-use restrictions would also prevent 'use of 
groundwater as a potable water supply until action levels are achieved. 
Groundwater monitoring would provide a means of evaluating the concentrations of 
contaminants in the groundwater over time. 

Extraction and treatment via W/OX and carbon adsorption would reduce organic 
contaminant concentrations. Groundwater use restrictions would also prevent 
human consumption of groundwater until action levels are achieved. Groundwater 
monitoring would provide a means of evaluating the concentrations of contaminants 
in groundwater over time. All controls proposed in this alternative are 
considered reliable. 

Reduction of Toxicity, Mobility. and Volume Through Treatment This alternative 
would reduce the toxicity, mobility, andvolume of SVOCs (pesticides, herbicides) 
in extracted groundwater. SVOCs such as MCPA, MCPP, heptachlor epoxide, and 2,4- 
dichlorophenol would potentially be destroyed in the UV/OX system. Other SVOCs 
such as aldrin, dieldrin, and lindane would be transferred onto activated carbon 
in the GAC system and subsequently treated off site during carbon regeneration. 
The treated groundwater would be discharged to the POTW for further treatment of 
the contaminants. Inorganics such as arsenic and iron would be treated in the 
Orlando STP, even after the treatment system has been shut off, to achieve action 
levels for inorganics. 

Short-Term Effectiveness This alternative would comply with RAOs in the short 
term through groundwater-use restrictions and because contaminated groundwater 
would be collected and treated, thus reducing the rate of downgradient 
contaminant migration through the aquifer. 

Installation of extraction wells, treatment of the groundwater, and discharge to 
POTW would not pose a significant risk to workers or the community. Residuals 
produced through implementing this alternative (e.g., sludge and spent carbon) 
would be collected for off-site transport, treatment, and/or disposal at 
appropriately permitted facilities. 

Implementabilitv Construction of the extraction and treatment system is 
relatively easy to implement and would not pose a threat to workers or the 
community. Discharge to Orlando STP through sanitary sewer system is thie most 
direct method of discharge. Carbon adsorption systems can be deployed rapidly, 
and contaminant removal efficiencies are high. Monitoring equipment is easily 
obtained, and groundwatermonitoring, five-year site reviews, and groundwateruse 
restrictions are easily implemented. 
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Cost The present worth cost of Alternative G-4 is approximately $3,582,000 at 
SA 8 and $5,420,000 at SA 9. The cost estimate for each SA is presented in Table f---Y 
12-10. This estimate includes direct costs such as site preparation, groundwater 
extraction system,! and an organic treatment system (W/OX with filtration and 
carbon adsorption). Indirect costs include health and safety, administrative and 
permitting fees, engineering and design, and construction support services. 

The O&M costs associated with this alternative include treatment of chemical and 
carbon usage, system and utility maintenance, influent/effluent sampling, 
discharge to POTW, groundwater monitoring, and five-year site reviews during the 
treatment duration (8 years at SA 8 and 22 years at SA 9). Appendix N provides 
the details used to develop the cost estimate presented in Table 12-10. Appendix 
0 contains vendor information used to develop this alternative. 

12.2.5 Alternative G-5: Groundwater Extraction, Treatment, and Discharge to 
Surface Water Alternative G-5 would consist of groundtiater extraction, treatment 
of inorganic and organic CPCs, and discharge to surface water. A description of 
this alternative is presented in Paragraph 12.2.5.1 and a technical criteria 
assessment of this alternative is presented in Paragraph 12.2.5.2. 

12.2.5.1 Detailed Description of Alternative G-5 This alternative is a 
modification of Alternative G-4 in that inorganics (arsenic, iron, and other 
metals) would be treated as well as organic CPCs. In this manner, a full 
treatment train is proposed without relying on the POTW to remove inorganics. 
As a result, treated water could be discharged to a storm drain and eventually 
to a surface water body. The components of Alternative G-5 include 

.._ 

groundwater extraction, 
chemical precipitation, 
polymer addition and clarification, 
biological treatment (diffused aeration), 
filtration and carbon adsorption, 
treated groundwater discharge to surface water, 
five-year reviews, 
groundwater and system monitoring, and 
groundwater-use restrictions. 

A treatment process for Alternative G-5 is shown on Figure 12-7 and treatment 
schematic shown on Figure 12-8. 

Groundwater Extraction Refer to Alternative G-3 for a detailed description of 
the extraction well system and duration of extraction. 

Chemical Precipitation Following extraction, groundwater would be pumped to a 
rapid mix tank in which a chemical precipitant, such as ferric chloride solution, 
would be added. The resulting reactions would reduce ferric chloride to ferrous, 
which is soluble at a neutral pH. Arsenate (+5 valence state) is reduced to more 
soluble arsenite (+3 valence state). The resulting coprecipitation of arsenic 
with an iron salt would yield insoluble ferric arsenate precipitate. 

Polymer Addition and Clarification After chemical precipitation has occurred, 
an anionic polymer would be added in a slow mix tank to enable flocculation of 
oxidized inorganic cations. The resultant particle mass would settle and be 
removedby a mechanical clarifier. Periodically, sludge from the clarifier would ,- 
be removed, thickened, and dewatered on site. Excess liquid from the thickened 
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Table 12-10 
Cost Summary for Alternative G-4: Groundwater Extraction, Pretreatment, and Discharge to 

Orlando POTW 

ost item 

IRECT COST 

roundwater-Use Restrictions 

ste Preparation and Mobilization 

roundwater Extraction System 

V/Oxidation System 

ltration and Carbon Adsorption 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida 

I Study Area 8 Cost 

$5,ooo 

$58,ooo 

$124,699 

$75,060 

$lS,wo 

Total Direct Cost $278,000 

Study Area 9 Cost 

$5,000 

$58,600 

$145,6Qa 

$75,690 

$15,660 

$298,000 

IDIRECT COST 

ealth and Safety (at 3%) 

dministration and Permitting Fees (at 3%) 

ngineering and Design (at 10%) 

onstruction Support Services (at 10%) 

Total Indirect Cost 

Total Capital Cost (Direct + Indirect) 

PERATION AND MAINTENANCE (O&M) COSTS 

w,ooo $9,000 

S&o00 $9,000 

$28,000 $30,000 

$28,000 $30,000 

$72,000 S77,Ooo 

$35o,ooo $375,000 

aatment O&M (s-Year period at SA 8, 22-vear period at SA 9) 

‘eatment Chemicals and Carbon Usage/Disposal 

ystem Maintenance 

fluent/Effluent Sampling 

ischarge to POTW Fee 

Present Worth Treatment O&M @year and 22-year periods) 

tilities O&M (30-Year period at SA 8, 22-Year period at SA 9 

nnual Utilities Cost 

Present Worth Utilities O&M (30-year and 22-year periods) 

lonitorino O&M (8-Year and 22-vear periods) 

nnual Groundwater Monitoring 

/e-Year Site Reviews (annualized) 

Present Worth Monitoring O&M (8-year and 22-year periods) 

$59,000 $47,000 

$149,ooo $149,090 

$107,cKHl $107,090 

$20,609 w3oo 

$2,078,600 $3,685,006 

w,ooo S45,DM) 

$661,000 $642,0100 

$21,096 $21 sm 

$6,ooO $6,096 

$167,906 $324,000 

Total O&M Cost 

Total Capital Cost and O&M Cost 

Contingency (at 10%) 

Total Cost: Alternative G-4 

otes: POTW = publicly owned treatment works. 
UV = ultraviolet 
% = percent. 
SA = Study Area. 

$2,906,Qw 64,551 ,ooo 

$3257,000 $4,927,w0 

$326,090 $493,wo 

$3,582,0oo, $6,420,996 
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and dewatered sludge would be returned to the headworks of the chemical 
precipitation treatment train. The dewatered sludge would be sampled, analyzed, f--A 
and transported off site to an approved disposal facility. 

Biological Treatment Following precipitation of metals, the groundwater 
undergoes biological treatment to remo+$ -other contaminants (e.g., svocs , 
pesticides, and herbicides). Groundwater enters an aerated tank which transfers 
oxygen into the wastewater and provides a degree of mixing. VOCs (if present) 
and SVOCs with low solubility would be volatilized and captured with a vapor 
collection system. The vapor collection system would require carbon air filters 
and periodic maintenance and replacement. 

Due to the relatively low concentrations of organic CPCs, a two-step treatment 
step (diffused aeration followedby carbon adsorption) is necessary to reduce CPC 
concentrations to below action levels. 

Filtration and Carbon Adsorption Refer to Alternative G-4 for a detailed 
description. 

Treated Groundwater Discharge to Surface Water Treated groundwater would be 
discharged to a surface water body (erg.,*' Lake Bald%%%) by discharge'to a stdrm 
water drain near the SAs or by discharge directly into the lake. Compliance 
sampling would occur prior to discharging the effluent. The eventual outfall of 
the storm water system at NTC, Orlando is the lakes of the facility. Treated 
water discharge would be required to satisfy the requirements of an NPDES permit 
(to be obtained as part of this alternative), as administered by FDEP and based 
on the criteria presented in Table 10-5. 

Five-Year Site Reviews Refer to Alternative G-l for a detailed description of 
the basic site review. In addition, extraction and treatment performance will 
be summarized and evaluated. Compliance with treatment levels will also be 
evaluated. The summary will include monitoring results, quantities of 
contaminants removed or treated, and amounts and quality of residuals produced 
and removed from the site. Because contaminants in the groundwater are 
interpreted to have been derived from-,a,~,listed hazardous wcz,te, the treatment 
plant would comply with all appropriate substantive record keeping, monitoring, 
and reporting requirements. 

Groundwater and System Monitoring Refer to Alternative G-l for a detailed 
description of groundwaterm&ito?ing. For systemmonitoring, the extraction and 
treatment effectiveness would also be monitored on a continual basis throughout 
remedy implementation. Operational activities would include pH adjustment, 
chemical precipitant dose alterations, sludge management, carbon replacement and 
disposal, and other process monitoring requirements. Additional monitoring 
performance would include extraction system performance (e.g., flow and capture 
zone), treatment system influent quality, and effluent quality. 

Groundwater-Use Restrictions Refer to.blternative G:l for a detailed descrip- (_ .,‘. 
tion. 

12.2.5.2 Technical Assessment of Alternative G-5 This paragraph presents the 
technical assessment of Alternative G-5 against the seven criteria in Table 12-l. 

Overall Protection of Human Health and the Environment This alternative would :- 
provide protection to future human re&ep%rs iikio inay ti6k OU 3 groundtititer as a 
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potable water supply. Humans would be protected in the short term because they 
would be prohibited from consuming water from 
complete aquifer restoration (i.e., 

the surficial aquifer until 
when action levels are achieved). This 

alternative provides a maximum standard of protection to humans (i.e., 
groundwater treatment). 

By implementing this alternative, no adverse short-term or cross-media effects 
are anticipated. 

Compliance with ARARs This alternative would comply with all ARARs. 

Long-Term Effectiveness and Permanence This alternative offers a long-term and 
permanent remedy for groundwater contamination without relying on natural 
transformation processes. 

Extraction and treatment via chemical precipitation and clarification would 
reduce inorganic contaminant concentrations, and subsequent biological treatment 
and carbon adsorption would reduce concentrations of remaining contaminants 
detected at OU 3. Groundwater-use restrictions would also prevent human 
consumption of groundwater until action levels are achieved. Groundwater 
monitoring would provide a means of evaluating the concentrations of contaminants 
in groundwater over time. All controls proposed in this alternative are 
considered reliable. 

Reduction of Toxicity, Mobility, and Volume Through Treatment This alternative 
would reduce the toxicity, mobility, and volume of inorganic, SVOC, pesticide, 
and herbicide contaminants in extracted groundwater. Arsenic and iron would be 

: removed by chemical precipitation and clarification. The pesticides (e.g., 
dieldrin, aldrin, heptachlor epoxide, alpha-BHC andgamma-BHC), herbicides (e.g., 
MCPA and MCPP), and SVOCs (e.g., phenol) would be addressed by biological 
treatment, carbon adsorption, and filtration. Inorganic and organic sludges 
generated as a result of the clarification and biological treatment steps, 
respectively, would require subsequent off-site transport and disposal. Spent 
activated carbon periodically requires either off-site disposal or regeneration. 

Short-Term Effectiveness This alternative would comply with RAOs in the short 
term through groundwater-use restrictions and because contaminated groundwater 
would be collected and treated, thus reducing the rate of downgradient 
contaminant migration through the aquifer. 

Installation of extraction wells, treatment of the groundwater, and discharge to 
surface water would not pose a significant risk to workers or the community. 
Residuals produced through implementing this alternative (e.g., sludge and spent 
carbon) would be collected for off-site transport, treatment, and/or disposal at 
appropriately permitted facilities. 

Implementability Chemical precipitation is a well demonstrated technology for 
the treatment of heavy metals in groundwater. Construction of the extraction and 
treatment system is relatively easy-to implement. There are no anticipateld space 
limitations for aboveground equipment included in this alternative. Treated 
groundwater could be discharged either directly to surface water (e.g., Lake 
Baldwin) or through the storm sewer system. 

Monitoring equipment is easily obtained, and groundwater monitoring, five-year 
site reviews, and groundwater-use restrictions are easily implemented. 

NTC-RIFS.OU3 
PMw.05.99 12-53 



Cost The present worth cost of Alternative G-5 is approximately $8,279,000 at 
SA 8 and $6,192,000 at SA 9. The cost estimate for each SA is presented in Table 
12-11. This estimate includes direct costs such as site preparation, groundwater 
extraction system, inorganic treatment (chemical precipitation and clarifica- 
tion), and organic treatment (diffused aeration with filtration and carbon 
adsorption). Indirect costs include health and safety, administrative and 
permitting fees, engineering and design, and construction support services. 

The O&M costs associated with this alternative include treatment of chemical and 
carbon usage, sludge management and disposal, system and utility maintenance, 
influent and effluent sampling, groundwater monitoring, and five-year site 
reviews during the treatment duration (30 years at SA 8 and 22 years at SA 9). 
Appendix N provides the detailed cost estimate used to.develop the cost estimate 
presented in Table 12-11. Appendix 0 contains vendor information used to develop 
this alternative. 
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Table 12-l 1 
Cost Summary for Alternative G-5: Groundwater Extraction, Treatment, and Discharge to 

Surface Water 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

Cost item Study Area 8 Cost 

DIRECT COST 

Groundwater-Use Restrictions $5,ooo 

Site Preparation and Mobilization $58,000 

Groundwater Extraction System $124,066 

Chemical Precipitation System $18,099 

Flocculation/Clarification System w&o00 

Diffused Aeration System $85,666 

Filtration and Carbon Adsorption $16,OW 

Total Direct Cost $433mo 

INDIRECT COST 

Health and Safety (at 3%) $13,c00 

Administration and Permitting Fees (at 3%) S13,ooo 

Engineering and Design (at 10%) $43,ooo 

Construction Support Services (at 10%) $43,099 

Total Indirect Cost $112,006 

Total Capital Cost (Direct + Indirect) S545,ooo 

OPERATION AND MAINTENANCE (O&M) COSTS 

Treatment O&M (30~year period at SA 8, 22-vear period at SA 9) 

Treatment Chemicals, Carbon Usage, Spent Carbon/Sludge Disposal $182,090 

Utilities and System Maintenance $191 ,!I00 

Influent/Effluent Sampling $107,000 

Present Worth Treatment O&M @@year and 22-year periods) $6,610,900 

Monitoring O&M (30-vear and 22-vear periods\ 

Annual Groundwater Monitoring $21 ,ooo 

five-Year Site Reviews (annualized) $6,ooO 
Present Worth Monitoring O&M (30-year and 22-year periods) $371 ,ooo 

Total O&M Cost $6,981 ,@JO 

Total Capital cost and O&M Cost $7,526,0W 

Contingency (at 10%) $753,996 

Total Cost: Alternative G-5 $8,279,000 

Notes: % = percent. 
SA = Studv Area. 

Study Area 9 Cost 

$5,690 

$58,606 

$145,996 

$16,696 

$128,ooO 

$85,696 

$15,Ooo 

$453,000 

$14,9ocl 

$14,600 

$45,000 

S45,ooo 

$118,669 

$571,009 

$98,000 

$188,6Ocl 

$107,ogg 

$4,734,600 

$21 ,ooo 

$6,000 

$32WOO 

$5,058,690 

$5,629,000 

$563,996 

$6,192,660 
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13.0 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 

Remedial alternatives for OU 3 were developed in Chapter 11.0 and were 
individually evaluated in Chapter 12.0 using the seven technical criteria 
recommended in the NCP. For comparative purposes, these criteria are grouped 
into the following categories: 

. threshold criteria, 

. primary balancing criteria, and 

. modifying criteria. 

As presented in Chapter 12.0, only the first two sets of criteria are evaluated 
during the FS. The final set of criteria (i.e, modifying criteria consisting of 
State and community acceptance) is more appropriately evaluated after the public 
comment period for the Proposed Plan. This chapter presents a comparison of 
remedial alternatives with respect to threshold and primary balancing criteria. 

This comparison is intended to provide technical information required to support 
the selection of a preferred alternative. It is anticipated that modifying 
criteria (i.e. State and community acceptance) will be used in conjunction with 
the information presentedherein to select the appropriate remedial alternatives 
(surface soil and groundwater) for OU 3. 

13.1 OVERALL APPROACH TO COMPARATIVE ANALYSIS. As presented in Chapter 11.0, 
remedial alternatives were developed to accomplish the RAOs identified for 
surface soil and groundwater at OU 3. The RAOs are based on protecting human 
health and ecological exposure to CPCs in surface soil and groundwater by 
establishing action levels for these media. Superfund Amendments and Reauthori- 
zationAct emphasizes the use of treatment technologies that reduce the toxicity, 
mobility, or volume of contaminants rather than technologies that solely prevent 
exposure. 

The three sets of criteria identified above are used to streamline the comparison 
between alternatives, while ensuring compliance with the RAOs. Components of 
these criteria are described below. 

13.1.1 Threshold Criteria Because the selected remedy must be protective of 
human health and the environment, as well as comply with ARARs, the fotllowing 
threshold criteria are essential: 

. overall protection of human health and the environment and 

. compliance with ARARs. 

An individual assessment of each alternative with respect to these criteria was 
presented in Chapter 12.0. An overall comparative analysis of alternatives using 
threshold criteria for each media of concern is presented in Section 13.2. 

13.1.2 Primary Balancing Criteria Primary balancing criteria consist of the 
following five components: 

f--Y : 
long-term effectiveness and permanence; 
reduction of toxicity, mobility, and volume; 

. short-term effectiveness; 

NTC-RIFS.OU3 
Plvw.05.99 13-1 



. implementability; and 

. cost. N--'-s. 

These criteria are used to provide an assessment of the permanence of each 
remedial alternative, while ensuring their implementability and cost-effective- 
ness. These criteria ensure the use of treatment technologies that reduce the 
toxicity, mobility, or volume of contaminants rather than technologies that 
solely prevent exposure. An individual assessment of each alternative with 
respect to these criteria is presented in Chapter 12.0. An overall comparative 
analysis of alternatives using primary balancing criteria for each media of 
concern is presented in Section 13.2. 

13.1.3 Modifying Criteria The final two criteria required by the NCP are listed 
below: 

. State acceptance, and 

. community acceptance. 

While the FDEP, USEPA, and other OPT members have reviewed this FS, these 
criteria are more appropriately evaluated after public notice and review of the 
Proposed Plan. It is anticipated that these criteria will be used in conjunction 
with threshold and primary balancing criteria to select an appropriate remedial 
alternative in the ROD for OU 3. 

13.2 COMPARATIVE ANALYSIS. The following sections present a comparison between 
alternatives for each media of concern (soil and groundwater). Surface soil 
alternatives are compared in Subsection 13.2.1 and groundwater alternatives are .*' -a 
compared in Subsection 13.2.2. 

13.2.1 Comparative Analysis for Surface Soil Alternatives This section presents 
the comparative analysis for surface soil (S) alternatives. Alternatives 
discussed in this FS are labeled as follows: 

. S-l: Limited Action 

. s-2: Soil Cover 

. s-3: Phytoremediation 

. s-4: Soil Washing 

. s-5: Excavation and Off-Site Disposal 

13.2.1.1 Comparison of Threshold Criteria A comparison is made between surface 
soil alternatives with respect to two criteria: (1) overall protection of human 
health and the environment and (2) compliance with ARARs. 

Overall Protection of Human Health and the Environment Contaminants in surface 
soil at OU 3 present slight risks to human health and ecological receptors 
(Chapters 6.0 and 7.0). 

For Alternative S-l, human and ecological receptors would not be protected from 
coming into contact with contaminated surface soil. The implementation of 
Alternatives S-2, S-4, and S-5 would reduce or eliminate human or ecological 
receptor exposure to CPCs in surface soil within 1 year. For Alternative S-3, 
the overall protection to human health and the environment is unknown because 
there is little documented evidence of its effectiveness, and it is anticipated ' 
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to require approximately 5 years to remove organic and inorganic (arsenic) CPCs 

I to action levels in surface soil. 

The alternatives proposedwouldnotadversely impact the environment because none 
of the alternatives involve removing of trees or destruction of wetland :habitat 
between the SAs and Lake Baldwin. RI results (Section 4.2) indicate that 
concentrations of some CPCs (arsenic, PAHs, MCPA, MCPP) slightly exceed action 
levels at some locations in the wetland areas. However, the risks to ecological 
receptors from contaminated surface soil at OU 3 are slight. Therefore, clearing 
and grubbing of trees and destroying wetland habitat to remediate surfa'ce soil 
in the wooded, wetland area would not be practical or environmentally sound. 

Compliance with ARARs Alternatives S-3, S-4, and S-5 are anticipated to <achieve 
compliance with both action-specific and chemical-specific ARARs. Alte,rnative 
S-2 would achieve action-specific ARARs but not chemical-specific ARARs. 
Alternative S-l relies on natural attenuation and would not achieve chlemical- 
specific ARARs. 

13.2.1.2 Comparison of Primary Balancing Criteria A comparison is made lbetween 
surface soil alternatives with respect to five criteria: (1) long-term 
effectiveness and permanence; (2) reduction in toxicity, mobility, and volume; 
(3) short-term effectiveness; (4) implementability; and (5) cost. These criteria 
are discussed for each alternative in Chapter 12.0. 

Long-Term Effectiveness and Permanence Alternatives S-4 and S-5 are predicted 
to achieve action levels sooner than Alternatives S-l, S-2, and S-3. Alte:rnative 
S-2 does not provide treatment, but rather eliminates the exposure pathway for 
human and ecological receptors. Alternative S-3 is expected to achieve action 
levels over a period of several years by enhanced bioremediation. Given 
sufficient time for natural transformation processes to occur, Alternatives S-l 
and S-2 could eventually achieve action levels for organics, but perhaps ,not for 
arsenic. Alternative S-l would not prevent exposure to CPCs in surface soil, but 
Alternative S-2 would eliminate exposure. 

Reduction of Toxicity, Mobility. and Volume Other than natural transfo:rmation 
processes, Alternatives S-l and S-2 would not reduce the toxicity, mobility, or 
volume of contaminants. Contaminants would potentially be transformed into less 
toxic forms by natural processes. 

Alternatives S-3 and S-4 provide active treatment processes to remediate 
contaminated surface soil and would reduce the toxicity and mobility of 
contaminants in surface soil. Alternative S-5 would not reduce the toxicity or 
mobility of contaminants on site, but may off site, if the soil is treated at the 
selected disposal facility. 

For volume reduction of the contaminated soil, Alternatives S-l, S-2, and S-3 
provide no opportunity to decrease soil volume. Alternative S-4 would 
significantly reduce the volume of CPCs in the soil matrix through the soil 
washing process. Alternative S-5 vtould reduce the volume of CPCs in the soil on 
site by transferring the entire contaminated soil volume off site. 

Short-Term Effectiveness Alternatives S-l and S-3 would not provide protection 
of human and ecological receptors in the short term. However, Alternatives S-2, 
s-4, and S-5 would be very effective in the short term. The excavation 
alternatives (i.e., S-4 and S-5) create a potential for increased release and 
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migration of contaminants through excavation, soil handling activities, and 
stormwater runoff. f--t 

Implementabilitv Because Alternative S-l includes only administrative actions 
and concrete pad removal, it would be the easiest to implement. Similarly, 
Alternative S-5 includes only excavation and removal of surface soil and would 
be relatively easy to implement. 

Alternative S-3 includes bench-scale and pilot-scale treatability studies, 
harvesting and removing plants that accumulated CPCs, and takes an extended 
period of time to begin. Thus, its implementation is more intensive than for 
Alternatives S-l and S-5. Alternative S-3 also may be more difficult to 
implement because phytoremediationis a relatively new technology and few vendors 
offer the necessary knowledge and experience with the process. 

Alternatives S-2 and S-4 would be the most difficult to implement due to design, 
engineering, extensive site preparation, treatment steps, or cap construction. 

Cost The relative present-worth cost estimates were calculated in Chapter 12.0 
based on remediation of surface soil above residential action levels. The area1 
extent above residential action levels, exclusive of the wooded wetlands, is 
approximately 2.1 acres which represents a total soil volume of 6,770 yd3. For 
comparative analysis, costs were developed for each alternative based on 
remediation of surface soil above recreational action levels. The detailed cost 
estimates for the recreational scenario are provided in Appendix N, Attachment A. 
The area1 extent above recreational action levels is approximately 0.68 acre, 
which represents a total soil volume of 2,200 yd3. Table 13-l summarizes the 
present worth cost estimates for each alternative based on residential and 
recreational action levels. 

In accordance with USEPA guidance, the costs for Alternative S-l, the limited- 
action alternative, are based on a 30-year time frame. As expected, Alternative 
S-l has the lowest capital cost but not the lowest estimated cost overall. Most 
of the cost for Alternative S-l is for O&M activities (i.e., soil sampling, site 
monitoring, and five-year reviews) for 30 years. Alternatives S-2, S-3, S-4, and 
S-5 have higher capital costs than Alternative S-l and also have five-year 
reviews for a 30-year period. Alternatives S-2 and S-3 have annual treatment 
system O&&i costs while Alternatives S-4 and S-S do not because they can achieve 
cleanup in less than 1 year. 

Alternative S-4 has the highest estimated cost of the five alternatives based on 
the highest capital cost for on-site treatment. The cost of Alternative S-5 
($691,000 for residential reuse) is comparable in cost to Alternatives S-l, S-2, 
and S-3 and less expensive than S-4. Alternative S-5 is based on nonhazardous 
soil disposal at SA 8 and hazardous soil disposal at SA 9. 

13.2.1.3 Summary of Comparative Analysis for Surface Soil Alternatives Table 6-l 
presents a summary of the comparative analysis for the proposed surface soil 
remedial alternatives for OU 3. 

13.2.2 Comparative Analysis for Groundwater Alternatives This section presents 
the comparative analysis for groundwater (G) alternatives. Alternatives 
discussed in this FS are labeled as follows: 

. G-l: Limited Action; 

NTC-RIFS.OU3 
PMw.05.99 13-4 



Table 13-1 
Summary of Comparative Analysis for Surface Soil Alternatives 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, florida I. 

s-1 S-2 s-3 S-4 S-5 
Alternative: Limited Soil Phyto- Soil Excavation 

Action Cover remediation Washing and Disposal 

Surface Soil Remediation 

Organics removed/reduced? No No Yes Yes Yes 

inorganics removed? No No Yes Yes Yes 

Estimated time to achieve action levels 30+, 30+ 5+ <l -cl 
(years) 

Surface soil contained? No Yes No No No 

Surface soil excavated? No No No Yes Yes 

Soil toxicity reduced? No No Yes Yes No 

Remedy permanent? No Yes Yes Yes Yes 

Mobility reduced? No Yes Yes Yes No 

Volume reduced? k0 No Yes Yes No 

Long-term ecological disruption? No No No No No 

Uncertainty of attaining action levels? High High High Medium ILOW 

Treatment Residuals Produced? No No Yes Yes No 

Operation and Maintenance (O&M) 

Annual System O&M No Yes Yes No No 

Site Monitoring Yes Yes Yes Yes No 

Contaminants Released/Remaining in Environment 

Organics Yes Yes No No No 

lnorganics Yes Yes No No No ;- 
Total cost - Cleanup cost for residential action levels (6,770 yd3) 

Present Worth S602,ooo pJO,Cp W4,ooO $1,483,0oo $691 ,ooO 

Total Cost - Cleanup cost for recreational action levels (2,200 yd3) 

Present Worth $420,066 $24O,CKt6 $42woo 3626,ooO $323,ooo 

Notes: < = less than, 
yd’ = cubic yards. 
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. G-2: Permeable Treatment Walls; 

. G-3: Phytoremediation; .-' 

. G-4: Groundwater Extraction, Treatment, Discharge to Orlando POTW; and 

. G-5: Groundwater Extraction, Treatment, Discharge to Surface Water. 

13.2.2.1 Comparison of Threshold' Criteria A comparison is made between 
groundwater alternatives with respect to two criteria: (1) overall protection 
of human health and the environment and (2) compliance with ARARs. 

Overall Protection of Human Health and the Environment According to the RI 
(Chapters 6.0 and 7.0), contaminants in groundwater at OU 3 present slight risks 
to human health and ecological receptors. Alternative G-l would only protect 
human health through imposing groundwater use restrictions. Action levels could 
eventually be achieved through natural transformation processes (i.e., physical, 
chemical, and biological), but, based on current site information, the rate of 
transformation is anticipated to be slow without intervention. 

Alternatives G-2 and G-3 are innovative technologies that are anticipated to 
achieve protection of human health and the environment; however, limited data on 
their success are available. Alternatives G-2 and G-3 are more protective of 
human health than Alternative G-l, but they are not as well demonstrated as 
Alternatives G-4 and G-5. Although mechanical intervention is included in 
Alternatives G-2 and G-3, their effectiveness is less predictable as they rely 
on natural transformation processes and conditions at the site. 

Alternatives G-3, G-4, and G-5 would provide an aggressive groundwater extraction 
and treatment system to directly remove dissolved contaminants from,the shallow 
aquifer. Alternatives G-4 and G-5 are proven techniques (i.e., pump-and-treat) 
for removing the bulk of contamination, but experience has shown that attainment 
of action levels (e.g., surface water standards, drinking water standards) may 
be technically impractical. 

Y-7 

Compliance with ARARs All alternatives are anticipated to eventually achieve 
chemical-specific ARARs. Alternatives G-2 and G-3 are focused primarily on 
arsenic contamination and may not attain ARARs for organic compounds at the same 
time as ARARs for inorganic compounds are achieved. Alternative G-.2 relies 
primarily on adsorption and precipitation, while Alternative G-3 relies primarily 
on a plant's ability to biodegrade or directly uptake CPCs in its root system. 

Alternative G-4 would be expected to meet all ARARs because it includes 
mechanical treatment processes to address organic CPCs and relies on the POTW to 
address inorganic CPCs. Alternative G-5 would be expected to meet all ARARs 
because it includes mechanical treatment processes to address both organic and 
inorganic contaminants. ARARs for inorganic contaminants could potentially be 
achieved using G-2, G-3, and G-5. ARARs for organic contaminants could 
potentially be achieved using any of the alternatives. 

13.2.2.2 Comparison of Primary Balancing Criteria A comparison is made between 
groundwater alternatives with respect to five criteria: (1) long-term 
effectiveness and permanence; (2) reduction in toxicity, mobility, and volume; 
(3) short-term effectiveness; (4) implementability; and (5) cost. These criteria 
are discussed for each alternative in Chapter 12. 

Long-Term Effectiveness and Permanence It is anticipated that Alternatives G-l J--b 
and G-2 may achieve action levels only after a sufficient period of time. 
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Alternatives G-3, G-4, and G-5 (ex situ treatment) would likely achieve action 
levels sooner than Alternatives G-l and G-2 (in situ treatment). All five 
aiternatives would comply with ARARs. 

Given sufficient time for natural transformation processes to occur, the limited- 
action alternative (G-l) may eventually achieve action levels for organics but 
not for inorganics (arsenic). The long-term effectiveness and permanlence of 
Alternatives G-2 and G-3 are unknown; therefore, it would not be as reliable as 
Alternatives G-4 and G-5. 

While Alternatives G-l, G-2, G-3, and G-5 are independent alternatives, 
Alternative G-4 is dependent upon the City of Orlando's POTW. If the POTW were 
to close in the future before action levels are met in the aquifer, additional 
treatment would be required for discharge directly to surface water. 

Reduction of Toxicitv. Mobilitv. and Volume Other than that accomplished through 
natural transformation processes, Alternative G-l would not reduce the toxicity, 
mobility, or volume of contaminants. Alternatives G-l and G-2 would not include 
groundwater extraction: therefore; contaminant volume would not be reduced. 
However, Alternative G-2 includes installing permeable reactive walls to reduce 
the toxicity and mobility of CPCs in groundwater flowing toward Lake Baldwin. 

Alternatives G-3, G-4, and G-5 provide treatment processes to extract and treat 
contaminated groundwater. By extracting groundwater from strategic locations, 
the hydraulic flow paths would be controlled, preventing contaminant migration. 
The selected technologies for treatment would provide reduction in toxicity, 
mobility, and volume of both organic and inorganic contaminants. 

Short-Term Effectiveness Alternatives G-3, G-4, and G-5 would likely have the 
quickest impact (i.e., contaminant concentrations would be reduced sooner than 
if Alternatives G-l or G-2 were implemented) on groundwater contaminants. The 
treatment duration for these alternatives are based on the pumping duration to 
effectively remove CPCs from groundwater (Appendix M). All three of these 
alternatives include physical, chemical, or biological treatment processes for 
contaminant removal. 

Alternative G-2 relies primarily on the natural flow of groundwater in the 
surficial aquifer to pass through the treatment wall. Hydraulic conductivity 
values range from approximately 0.2 ft/day at SA 9 to 2.74 ft/day at SA 8. 
Retardation due to adsorption would result in even slower CPC movement in 
groundwater. As a result, many years would be required for a plume to pass 
through the treatment walls for Alternative G-2. Therefore, short-term 
effectiveness is considered negligible. 

Imnlementabilite Because Alternative G-l includes only administrative actions 
(e.g., groundwater-use restrictions, groundwater monitoring and sampling, and12- 
year site reviews), it would be the easiest to implement. 

Alternative G-2 and G-3 includes bench-scale and pilot-scale treatability studies 
to test the effectiveness of CPC removal. Alternative G-2 includes the 
installation of permeable reactive walls in addition to the components of 
Alternative G-l. Alternative G-3 includes groundwater extraction, setup of 
greenhouses, and harvesting and removing plants that have accumulated CPCs in 
addition to the components of Alternative G-l. Alternatives G-2 and G-3 are 
relatively difficult to implement because reactive walls andphytoremediation are 
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new technologies and few vendors are available that offer the necessary knowledge 
and experience with the processes. f?%. 

Alternatives G-4 and G-5 are straightforward. These alternatives include a 
similar type of remedial action (i.e., pump-and-treat) ; however, Alternative G-4 
would be easier to construct because it, only includes pretreatment of extracted 
groundwater (i.e., organic treatment) for acceptance in Orlando's POTW, whereas 
Alternative G-5 includes the construction of a more comprehensive treatment 
system for treatment of all contaminants (e.g., organics and inorganic CPCs). 

Cost Table 13-2 summarizes the present worth cost estimates for each groundwater 
alternative based on treatment duration O@ and administrative O&M costs. cost 
estimates were prepared for each SA because individual treatment units would be 
installed at each location (Alternatives G-2, G-3, G-4, and G-5). If SA 8 and 
9 are addressed at the same time, cost savings may be realized by combining 
direct costs (i.e., treatability studies, site preparation, equipment purchases, 
etc.) and indirect costs (i.e., design, engineering, permitting, etc.). Table 
13-2 shows the combined gross total cost for SA 8 and 9. 

In accordance with USEPA guidance, the cost for Alternative G-l, the limited- 
action alternative, is based on a 30-year time frame. As expected, Alternative 
G-l has the lowest capital cost and the lowest estimated cost overall. Most of 
the cost for this alternative is for O&M activities (i.e., groundwater sampling 
and monitoring and five-year reviews) for 30 years. Alternatives G-2, G-3, G-4, 
and G-5 have higher capital costs than Alternative G-l and also have five-year 
reviews for the treatment duration. Table 13-2 shows the estimated period of 
time to complete each alternative. 

Alternatives G-4 and G-5 include a similar type of remedial action (i.e., pump- 
and-treat); however, Alternative G-4 would have a lower cost because it only 
includes pretreatment of extracted groundwater for acceptance at Orlando's POTW. 
As expected, Alternative G-5 has the highest estimated costs of the five 
alternatives because is offers the most comprehensive treatment process 
(groundwater extraction, inorganic CPC removal, organic CPC removal, and 
discharge). 

13.2.2.3 Summary of Comparative Analysis for Groundwater Alternatives Table 13-2 
presents a summary of the comparative analysis for the proposed groundwater 
remedial alternatives for OU 3. 
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. . ...’ 

Table 13-2 
Summary of Comparative Analysis for Groundwater Alternatives 

Remedial Investigation and Feasibility Study 
Operable Unit 3 

Naval Training Center 
Orlando, Florida 

G-l 
G-2 

G-3 
G-4 G-5 

Alternative: Limited Permeable Groundwater Extraction, Groundwater Extraction, 

Action Treatment Phyto- 

Walls remediation Treatment, Discharge to Treatment, Discharge to 
POTW Surface Water 

Groundwater Remediation 

Groundwater extracted? No No Yes Yes Yes 

Organics reduced? Potential Potential . Potential Yes Yes 

lnorganics reduced? Potential Yes Yes At POTW Yes 

Estimated time to achieve 30+ 30+ SA8=39+ SA8=39+ SA 8 = 30+ 
action levels (years)?’ SA9 = 22 SA9=22 SA9 = 22 

Plume contained? No Yes Yes Yes Yes 

Plume toxicity reduced? No Yes Yes Yes Yes 

Remedy permanent? No Unknown Unknown Yes Yes 

Uncertainty of attaining High High High Low Low 
action levels? 

Treatment Residuals No No Yes Yes Yes 
Produced? 

Operation and Maintenance 

Treatment System and No Yes Yes Yes Yes 
Residuals Management 

Utilities Maintenance No No Yes Yes Yes 

Groundwater Monitoring Yes Yes Yes Yes Yes 

Contaminants Released/Remaininq in Environment 

Organics Yes Yes No No No 

lnorganics Yes Yes No No No 

Total Cost - Cleanup cost for SA 8 

Present Worth $741,000 $1,670,900 34,095,990 $3,582,000 $8,279,000 

Total Cost - Cleanup cost for SA 9 

Present Worth included $1,498,0QO $3,525,~ $5,429,99O $6,192,000 
in SA8 

Combined Total Cost - SA 8 and 9 

Present Worth $741 ,ooo $3,168,090 $7,62O,ooO ~~$Q,OWXJO $14,471,000 

’ For Alternative G-4, the treatment system would operate for approximately eight years at SA 8 to remove organic 
contaminants. After this period, the system would be shut down but the pumps would continue to operate in order for 
inorganics to be treated at the POTW. 

Notes: SA = Study Area. 
POTW = publicly owned treatment works. 
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